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The latest development in Open Hearth Steel-making Practice 


YY Ie IL iL IMI AA IN 


Britain’s foremost builders of Steel-making Plant 
now offer the 


AJAX Oxygen Steel-making Operation 


This new steel producing technique has been incorporated in the furnace illustrated. 
It was invented and developed by Appleby -Frodingham Steel Company, and has already 
produced over + million tons of ingots. A second unit has now been commissioned. 

Outputs have been greatly increased with an average of five thousand tons of steel 
per week. 

This Furnace has now 90° availability together with lower than normal refractory 
costs. 

As licensees we invite you to consult us for either converting existing plant or 
providing new furnaces incorporating the Ajax Oxygen Steel-making Operation. 


THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LTD. 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 WORKS: DARLASTON, South Staffs, & BELFAST. 
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BRITISH 
STEEL 


AT ITS 


BEST 


BASIC OPEN HEARTH STEEL 


CARBONS UP TO 1.0% 

DEEP STAMPING & RIMMING 
SILICON & SILICO -MANGANESE 
FREECUTTING 

LEAD -BEARING 


BLOOMS 5” up to 9” square 
BILLETS 2”, 24”, 24”, 3”, 34” and 4” sq. 
SLABS 5” to 16" wide x 2” to 2}” thick 
SHEETBAR 12’ wide x }” to }’ thick 


Other sizes by request 


For further particulars please write to us at: 
eee Scunthorpe’ JOHN LYSAGHT’S SCUNTHORPE WORKS LTD. 
eee Normanby Park Steel Works, 

SCUNTHORPE, Lincolnshire. 
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Modern carving 
of a sow and litter 
n All Saints Church, Beighton 


Photograph by Ruth Meyler & F. C. Sillor 


In the early days of the industrial revolution manufacturers 
trequently looked for familiar and easily recognisable 
descriptions of their products. To the countryman 
transplanted into industrial surroundings nothing was 
more familiar than a pig; a fact which is emphasised by 
carvings in scores of old churches depicting pigs suckling 
their litter, rooting for acorns and playing the bagpipes. 
(Apparently this last pastime was forsworn by pigs many 
years ago because of unpleasant associations between 


bagpipes and pigs bladders.) Consequently, when iron 
from Blast Furnaces was directed into long troughs and 
from there into short and narrow troughs placed at right 
angles, a resemblance to sows suckling their appendaged 
litter led to the description of ‘pig iron’. 

This series of advertisements illustrates some of the 
ecclesiastical’ pigs and emphasises the $0,000,000 ‘special’ 
pigs which Warner and Company have supplied to Iron 
Foundries producing High Duty Castings. 


RNER . WARNER . WARHER 


WARNER & CO. LTD., 


MIDDLESBROUGH 
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of the specialised television 


in the iron and steel industry is 


MARCONI 


INDUSTRIAL TELEVISION 


There are four sound engineering reasons why 


PLANNED SYSTEMS 

Marconi’s primary concern is that every installation 
shall be properly engineered. Where possible each 
installation is planned in detail on site, ensuring that 
the equipment will be used correctly and will thus 
give absolutely reliable service. Proper system plan- 
ning is vital to satisfactory installation and is provided 
free of charge. 


SYSTEM INSTALLATION 

It is essential for a properly planned system to be 
expertly installed. Expert installation means a rugged 
and robust system that will work efficiently and as 
effectively as the heavy plant with which it is associ- 
ated. Marconi’s provide expert installation by specia- 


list engineers with experience in the Metal industries. 


MAINTENANCE SERVICE 
When an equipment needs servicing, it needs it 


immediately if the plant in which it is integrated is to 


continue to operate profitably. In addition to an \\ 


efficient after-sales service, a special television 


equipment maintenance course is provided at Marconi 
College, Chelmsford, and customers are strongly urged 
to send those of their personnel who will be respon- 
sible for the running of their television systems to 
attend this. 


PROPERLY ENGINEERED EQUIPMENT 
Marconi Industrial Television equipment is designed 
specially for industry. It is rugged, reliable, simple, 
stable and robustly protected. 





MARCONI 
INDUSTRIAL TELEVISION 


Planned, Engineered, Installed, Maintained by 


MARCONI’S WIRELESS TELEGRAPH CO. LTD., 
CLOSED CIRCUIT TELEVISION DIVISION 
BASILDON, ESSEX, ENGLAND 





Partners with 
THE ENGLISH ELECTRIC COMPANY 
in providing an engineering service to the 


Metal Industries 
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... whenever experience, skill and efficiency 


in engineering are discussed by management 


The Solano Organisation — offering a broad and comprehensive service 
backed by a highly qualified technical staff — brings to industry a wealth 
of experience and ‘know how’ which is unparalleled in many spheres of 
engineering. Requiring experts in the design, fabrication and erection of 
many types of engineering projects, leading names in industry have 
sought the down-to-earth advice, close assistance and ultimate benefits 
of the Solano Organisation. Today, the name Solano stands supreme 
for advice and assistance on Air Conditioning, Heating, Ventilation, 
Dust and Fume Extraction, Light and Medium Structural Steelwork. 
THE SOLANO ORGANISATION IS EQUIPPED TO DESIGN AND ERECT 
CONTROL PULPITS AND CRANE CABS, FULLY AIR CONDITIONED AGAINST 
HIGH AMBIENT TEMPERATURES AND READY FOR SERVICE 


serving 
the nation’s 


industry 


200 St. Vincent St. Glasgow. Tel: Central 6661 (3 lines) 
Branch Office and Works: Irvine Industrial Estate, Irvine, Ayrshire. 





SOLANO'’S CLIENTS INCLUDE THE FOLLOWING WELL KNOWN COMPANIES: 


Adamson Alliance Co., Ltd. Motherwell Bridge & Engineering Co., Ltd. 
Sir William Arrol & Co., Ltd. The Park Gate Iron & Steel Co., Ltd. 
J. H. Carruthers & Co., Ltd. Stewarts and Lloyds Ltd. 


Colvilles Ltd. Taylor Bros. & Co., Ltd. 
The Lancashire Steel Manufacturing Co., Ltd. The United Steel Companies Ltd. 
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why 
ACHESON 


TRADE MARK 


graphite 
electrodes 





‘* Acheson’ Graphite Electrodes are manufactured from specially selected high grade 
raw materials which are carefully processed at all stages of manufacture under controlled 
conditions to give a final electrode for your arc furnaces with these properties at their optimum 

LOW RESISTANCE 
HIGH MECHANICAL STRENGTH AT OPERATING TEMPERATURES 
EXCEPTIONAL THERMAL SHOCK RESISTANCE 
‘ Acheson’ Graphite Electrodes are made in the United Kingdom only by 


BRITISH ACHESON ELECTRODES LIMITED of SHEFFIELD. 


TRADE MARK 
GRAPHITE ELECTRODES 


The term ACHESON is a registered trade marl 
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CHOSEN BY 
THE UNITED STEEL COMPANIES LIMITED 


eho 


ny 


Appleby-Frodingham Steel Compa 
Samuel Fox & Company Limited 
Steel Peech & Tozer 

Workington Iron & Steel Company 
CHARACTERISTICS 


® 


Can accommodate limited angular and parallel 
misalignment. 


Absorb shocks and operate noiselessly 
under any conditions. 


The multi-row arrangement of the blocks results 
in a small diameter and, therefore, 

a lower WR? value than 

any other torsionally resilient coupling. 


No end thrust on the bearings of the 
connected shafts. 


No lubrication or maintenance required. 





A size 600 H.P./R.P.M.Holset Flexible 
Rubber Block Coupling installed on the 40” Slabbing 
Mill at the Stocksbridge Works of Messrs. 


Samuel Fox & Company Limited 
THE 


ENGINEERING CO. LTD 
TURNBRIDGE, HUDDERSFIELD 


TELEPHONE HUDDERSFIELD 7480 
TELEGRAMS HOLSET, HUDDERSFIELD 
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Mitchell conveyors 


at Bowaters’ 


Mersey Division 


carry 100 tons of 


logs an hour... 






































The problem of conveying and stacking logs in really large quantities is comparatively 
new to this country. Yet Mitchell Engineering’s recently completed external conveyor 
system at Bowaters’ Mersey Division handles over 100 tons of logs an hour—and more! 

This vast capacity is attained by an efficient arrangement of chain and belt conveyors, 
1,250 ft in total length, which carry logs either straight to the pulping mill or to a 
storage pile. The logs carried straight to the mill pass through a debarking plant and 
provision is made for re-circulating any log not properly debarked. Logs for the storage 
pile are carried up a 120 ft mobile stacker. 

Mitchells are active in the field of boiler design, cableways and ropeways, wagon 


handling, transporters and conveyors, cranes, mills, ship loading plant and nuclear power. 


























Mitchell Engineering Group Limited One Bedford Square London WC! 


























The mobile stacker seen in operation here has 
already handled over 146,000 tons of logs 












































MITCHELL 






































To meet the ever growing 
demands for.... 


....Feedex and other exothermic 
materials, we are building new 
extensions to our factory—the 





completion of these extensions will 
guarantee your future requirements 
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Staffs. 
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Tamworth 
Telephone: 1000 Grams: KUPRIT Telex Tamworth 


Drayton Manor, 


Tak AY St. 
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The best electric motors are 

the ones you can forget, 

motors that will operate under the 
most arduous conditions without giving 


trouble, in fact Class H motors. 


Class H—silicone insulated—motors 


withstand frequent overloads, 
heat and humidity to a vastly greater 
extent than Class A or B machines. 


Continuous running tests 


have proved that the insulation life 
of Class H motors is ten 
times as long as that of their 


Class A or B counterparts. And 
don’t forget, if vow re going 

in for rewinds make them 

SILICONE rewinds ! 

That’s the painless way to convert 

those troublesome motors into 

consistent pe rformers. 


UGH 


Silicones strengthen the weak link 


in all forms of electrical equipment—its insulation. 
Write to the nearest branch of Midland 
Silicones for the names of rewinders 


experienced in the use of silicone insulation. 


MIDLAND SILICONES LTD 


(Associated with Albright & Wilson Ltd. and Dow Corning Corporation) 


first in British Silicones 


68 KNIGHTSBRIDGE - LONDON - SW1 - TELEPHONE: KNIGHTSBRIDGE 7801 
Area Sales Offices : Birmingham, Glasgow, Leeds, London, Manchester 
Agents in many countries 
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Your ALLEN WEST 


Standard Air-Break Starters 


and Spares are available ex stock 


he from Branch Offices 


BIRMINGHAM 


Pearl Assurance House, Temple Row, Birmingham 2 
Telephone: Birmingham, Central 7831 


BRISTOL 


Equity & Law Building, 36/38 Baldwin Street, Bristol | 
Telephone: Bristol 94505 


GLASGOW ne 
ALLEN WEST & COL” 
18 Sandyford Place, Glasgow, ae BRIGHTON ane 
Telephone: Glasgow, City 3951 ree oes 
OIMECT ¢ 


LEEDS 


Brotherton Chambers, Grace Street, Leeds | 
Telephone: Leeds 3348] 


LONDON 


32 Old Queen Street, Westminster, London SWI 
Telephone: Whitehall 3875 


MANCHESTER 


28/30 Wilbraham Road, Fallowfield, Manchester 14 
Telephone: Rusholme 7279 and 7270 


NOTTINGHAM 


Alliance House, 4 Clumber Street, Nottingham 
Telephone: Nottingham 46568 


For every electric motor 


there is an Allen West starier 


FIFTY YEARS OF 
CONTROL GEAR DEVELOPMENT 


ALLEN WEST & CO LTD BRIGHTON - Telephone: Brighton 66666 - Telegrams: Control, Brighton 


Engineers and Manufacturers of Electric Motor Control Gear and Switchgear 





UBSIDIARY COMPANIES IN ANADA, SOUTH AFRICA & RHODESIA 
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ROLLING MIL 
BEARINGS 











N 


Long life * Low friction 

Corrosion resistant * Water cooled 
Improved surface condition of roll neck 
Technical information for new or 


existing mills supplied on request. ra 


/ / Wp} 
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THE BUSHING COMPANY LTD. HEBBURN ON TYNE 
TELEPHONE: HEBBURN 83-2241 @ TELEGRAMS: BUSHING HEBBURN 
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Continuous Hot mill 
for Medium wide 


cm 
ad 


WE DESIGN AND MANUFACTURE 


Hot and cold rolling mills and Hydraulic 
presses for the Ferrous and non-ferrous 
industries both home and abroad 


‘ 
- ———b 


ee 


THE Ke)a' ad ENGINEERING COMPANY LTD. 
me: BOURNEMOUTH 


ENGLAND 
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Electric Furnace 


GU. CONTROL GEAR 


The panel illustrated is a three panel 6,600 May we quote 
volt 3 phase, 50 cycle switchboard you for all 
controlling induction Heating furnaces. types of fully 
Our system of Switchboard construction automatic 
provides complete flexibility and contends gone 
adaptability for designing and manufacturing 
control gear for all types 


of electric furnaces and steelworks. 


Send for Publication No. 121/0660. 








Contactor SWITCHGEAR LIMITED 


BLAKENHALL - WOLVERHAMPTON - ENGLAND 
Telephone: Wolverhampton 25911/7 


Telegrams : Tactorgear Wolverhampton 
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CAN YOU 
BEST HANDLE 
YOUR DUST? 


Wet or dry? If wet, or when it is 

simpler and more advisable to dispose of 
“valueless” dust in sludge form, the 
VISCO-HANDTE Dust Collector 

is the most economical way of collecting 
dust from foundry knockouts, dressing, 
fettling, ore handling and subsidiary 
operations. It is manufactured and sold 
exclusively in the United Kingdom by 
VISCO. Enquiries are invited to 

THE VISCO ENGINEERING CO. LTD., 
Stafford Road, CROYDON, SURREY. 


Croydon 4181. 





VISCO-HANDTE 


Wet type Dust Collectors 











October, 1960 





Hw fia) 


'KO).) keeps MECCANO 





Mil = ee 


AS 


There are some names we learn in our boyhood that 
never lose their magic—and Meccano is one of them. 
Today, this name, so intimately connected with enam- 
elled pieces of steel strips and plates that made every 
youngster a constructional engineer has an even wider 
appeal. Together with Hornby trains—electric and 
clockwork—Dinky Toys and Bayko, Meccano now 
provides a quartet of delight for boys and girls—and 
their fathers! 

The far-sighted management that has kept Meccano 


a best-seller shows the same sound judgment when 


PROGRESSIVE INDUSTRY IS GOING 
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running like clockwork 


dealing with grown-up affairs, like choosing coal to 


fuel its great powerhouses at Liverpool and Aintree. 


Coal was chosen because coal provides more heat for 


the money than any other fuel. Coal, mechanically 


stoked, is smokeless. And in our coalfields there 1s 


enough coal to keep British industry going at top 


production for generations to come. 


When you are required to make a decision about 


fuel remember Meccano. Coal has helped them to 


build up a model industry. Choose the same fuel 


and you’ve made the most constructive start. 


sme» COAL 
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ISSUED BY THE NATIONAL COAL BOARD 


Coal 
Provides the 
Power at 
Meccano’s 
factory at 
Binns Road, 
Liverpool 


Mr. Gibbs, Chief Engineer, comments: 


“We at Meccano operate all power and steam 
process equipment trom coal 

The present boiler plant consists of two 
water tube boilers and economisers fitted 
with usual mountings, including feed water 
regulators. These boilers were installed in 
1928 and still give us a first-class service 
today. Their efficiency is high 

Since the original installation we have 
continued to make improvements. In 1948 
further instruments were added, such as CO 
recorders and indicators and flue ga 
temperature recorders. A feed water meter 
was installed in 1955 and soon afterwards a 
smoke indicator and recorder. More recently 
the reciprocating feed pumps have been 
superseded by electrically operated centri 
fugal pumps 

In this way we have kept pac 
increasing demands of productio 
the best use of all our equipment 

Firing is by chain grate stoker 
fuel is handled mechanically. Stean 
for space heating and proce work 

Each boiler is opened up fo 
inspection once a year. The 
cleaned with a compressed air 
completion the boilers work for t 
ng ir with practically no ma 

Coal ob.ained fron 

eri ire arranged 


quatit 


flere are some key facts and figures about 
the consumption of coal at Meccano: 


Number of boilers : 2 water tube 
Method of firing : n grat tokers 
Steam pressure : 120 p.s.i 
Continuous max. rating : Ibs. per hour 
Steam temperature : 350 | 
Feed temperature: 180 I 


>> 


Annual fuel consumption : 2,260 tons of coal 





UNION CARBIDE 
CO-OPERATION WITH THE 
STEEL COMPANY OF 
WALES LIMITED 

MADE THIS POSSIBLE 


In this section of 4%” Cor-Ten 
sheet steel the radii of the 
bends are less than 3’ 


lloys Development Departmentof Union Carbide Limited, Photomicrographs show that the intermetallic compounds 
ion, intheir continuous search for new ways to make better resent when the steel is made with SILCHROMSOL are of a 


el. always work in close co-operation with the steelmakers spherical shape instead of the “‘stringer’’ type which are 
hemselves. They gratefully acknowledge the help of Th associated with a lack of ductility. Tests indicate that 
ny of Wales Limited who made it possible ru SILCHROMSOL gives this type of steel vastly improved ductility 

J SILCHROMSOI The new development has been well received and The Steel 


y additive, is now used ‘ompany of Wales Limited have gre: ynfi ice in the 


1 
rt} 
I 


1lowalloys ] nprovements which will result 


Vy \ y 


UNION CARBIDE LIMITED ALLOYS DIVISION 8 GRAFTON STREET LONDON 


CO-OPERATING WITH INDUSTRY 


W .1 MAYFAIR 8100 
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however you look at it 


YOU WILL agree that this Ingot Car is a nice job. Its sleek business- 
like lines commend it as a sound job, but it's only when you look 
underneath that you appreciate its truly functional design. Built 
with a wide margin of safety to carry four 5-ton ingots it will take 

a total superimposed load of 50 tons. This is one of many Ingot 


fitted with free running wheels on roller bearings and fixed 


Casting Cars constructed to house automatic couplings and JA 


axles F 
al / 

Consult us for the design and manufacture of medium and / We shall be glad 
heavy engineering equipment for all steel works plant ; 

y g 9 equiy in to quote against 
including Rolling Mills and their auxiliaries, all types of 

your uiren nis 

Ingot and Transfer Cars, Gas Works and Chemical Plant, your requirements 


Heavy Fabrications and Pressure Vessels. and specifications 


B. Thornton Limited, Turnbridge, Huddersfield. Telephone 7541 
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WASHING 


the only. answer 
tor low-ash coal 


from smalls 


sue COpPEE Ganpany @ ) (GREAT BRITAIN) LIMITED 


COPPEE HOUSE - 140 PICCADILLY Vatepgemes: RY COPPER, NRAPHONE, LONDON 
LONDON W.! Telephone: H¥De Pork 680/ Sw NEWCAS fic meant oe ch Nenad Choma THE CLOSE 


Foe a 
cape ted 
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Huw do you like yout jholl ? 


Served to you on a plate to your own specification? That is how we like to supply 
them. That is why we have so many satisfied customers at home and overseas. 
kas. ‘ Fy a TT ag”. 


4! 
¥ 


Marcie oe a aa ee Viakers of Rolls 


END IRON WORKS, WEST BROMWICH. TEL: WEST BROMWICH II/8I. 
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the only. answer 
for low.ash coal 


from smalls 


THE coppee company (\ (QDR) (GREAT BRITAIN) LiMiTED 


De a citee ice ae Telegrams: EVCOPPEE, NORPHONE, LONDON 
: : ‘ Woy ~~ i GLASGOW: 121 DOUGLAS STREET, C.2 
LONDON W.1 Telephone: H¥De Pork 680) "Sse geet NEWCASTLE-ON-TYNE: MANSION HOUSE CHAMBERS, THE CLOSE 


anaes 


Pot: un iba 
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Huw do you like yout ff oy ad 


Served to you on a plate to your own specification? That is how we like to supply 
them. That is why we have so many satisfied customers at home and overseas. 


Vakers of Rolls 


HALL END IRON WORKS, WEST BROMWICH. TEL: WEST BROMWICH II8I. 
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BROWN BAYLEY 


STEELS LIMITED BROWN 
SHEFFIELD BAVLETS 
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When considering latest developments in electro-precipitation 


SIMON-CARVES LTD are responsible for 


The First 
PRECIPITATOR 
in 
Great Britain The First 
PRECIPITATOR 
Th 
Europe 


HIGH-EFFICIENCY ELECTRO-PRECIPITATION BY 


The First 
PREGIPITATOR 
in the 
World 


Simon-Carves Ltd 


and at ALC : g JOHANNESBURG 


October, 1960 


PORT, EN( 


SVOWNEY TORONTO 
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at 

the 
Hub 

of 


I; | 
RIENCE AT YOUR SERVICE 





Consult us on your Gas Cleaning and Dust Emission Problems | 


LODGE-COTTRELL LTD., GEORGE STREET PARADE, 
TELEPHONE CENtral 3388* BIRMINGHAM, 3 *=LONDON - CENtral! 5488 


OVERSEAS 
Continental Europe 
Leon Bailly, Ingenieur Conseil, Avenue des Sorbiers, Anseremme-Dinant, Belgium. 
LODGE-COTTRELL (Australia) PTY. LTD. 
LODGE-COTTRELL (Africa) PTY. LTD., P.O. Box 6070. JOHANNESBURG. LC48 
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Sheepbridge Kennedy 
Ball and Rod Mill 


October, 1960 


VISIT OUR STAND 


SHEEPBRIDGE 19 nov. 1960 


%Y 

Us Ca 
PUBLIC WORKS 
& MUNICIPAL 

SERVICES 


% 


Ps 
es 
S 


EXHIBITION 


EQUIPMENT 


@ Gyratory Crushers 

@ Jaw Crushers 

@ Slugger Roll Crushers 
@ Apron Feeders 

@ Vibrating Screens 


@ Conveyor Systems 


7 i 
‘SN 
Re 
se % 
' X 


© ga704! 
56 


Designed by specialists—built by 
craftsmen, Sheepbridge Plant Equip- 
ment has a long standing reputation 
for efficiency and dependability. 


Whatever your needs, you'll find that 
Sheepbridge can handle the job 


* 


Write for full information to:— 
Sheepbridge Equipment Limited 
Chesterfield - England 

( One of the Sheepbridge Engineering Group) 


Telephone: Chesterfield 5471. Telegrams: Sheepbridge, Chesterfield 


27 











handling 
systems 





Pantin design and manufacture heavy duty 
mechanical handling plant for the Iron and 


Steel Industry. 


This ‘Upender’, for example, was made to 
simplify and expedite the handling of coiled 
steel. With the utmost ease it takes coils up 
to 15 tons (max. dimensions 6’ diam. x 6’ 
wide) and lays them on a Pantin Pallet Con- 


veyor for movement to the next station. 


Pantin Handling Equipment covers every 
requirement, including upending and down- 
ending, tilting, hoisting and conveying of 


coils and sheets. 


We are always pleased to discuss, advise 
and co-operate on the design of handling 
systems and shall be glad to send you details 
of Pantin Conveyors and Handling Equip- 
ment. Please write for illustrated brochure. 


~~ 
ee 2 


Pa 


W & C PANTIN LTD CENTRE DRIVE EPPING ESSEX Telephone EPPING 2271-4 


ASSOCIATED COMPANY THE BRITISH MATHEWS LTD 


ee 
ig Big 


ee 
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The above illustrates our Recirculating type continuous 
Stopper Rod Drying Ovens as supplied for use with Open 


Hearth, Bessemer or L.D. Steel Making Plants. 


STOPPER ROD 
DRYING OVENS 


We specialise sign and construction of 


Open Hearth Furnaces. Furnaces for Aluminium 
Iting oil ne ing 

Soaking Pits of all types. Melting, ¢ il Annealing and 

Slab Re-heating 

Forge and Heat Treatment 

Furnaces 

Continuous Bogie type Ingot Stress Relieving Furnaces 

and Slab Heating Furnaces. 


Continuous Multi-zone Bloom 
and Slab Re-heating Furnaces 


Ship-yard Plate and Bar 
Modern Lime Burning Kilns Furnaces 


PRIEST FURNACES LIMITED 
LONGLANDS + MIDDLESBROUGH 
also at KELHAM ISLAND WORKS + SHEFFIELD 3 
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Modern forge turnaces 


FIRED BY FUEL OIL, 
PRODUCER GAS OR CITY GAS 


The increased demands for accurate repetition of heating conditions 
is ensured by automatic control of 
furnace atmosphere, temperature and pressure. 
These city gas fired furnaces 
were recently installed at 
the Works of C. Meadows 
& Co. Ltd., Sheffield. 














FURNACES | 


G.P. Winco TT LIimitee SHEFFIELD, ENGLAND 
e/legrams: WINCOTT, SHEFFIELD. Telephone: 2020/2 
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a knotty 


problem Exeli'sZ-7- 


Its flexible construction allows this metal-clad 
mineral-insulated noble metal thermocouple to 
be bent around small radii, a feature that is 
obviously valuable in many applications... 


but there is more to it than that... 


for it has high sensitivity together with excellent 
resistance to thermal shock. In corrosive condi- 
tions, in which a ceramic sheath would be 
rapidly attacked or penetrated, the non-porous 
sheath—of noble or base metal, or a combina- 
tion of the two—affords the couple protection 
against contamination without restricting its 


temperature range. 


Full details are available on request 


Johnson <> 
Matthey 


NOBLE METAL 
THERMOCOUPLES 


JOHNSON, MATTHEY & CO., LIMITED, 73-83 HATTON GARDEN, LONDON, €E.C.! 
Telephone: Holborn 6989 


Vittoria Street, Birmingham, | Telephone: Central 8004 75-79 Eyre Street, Sheffield, | Telephone: 2921/2 
E 04/234 
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BILLET REHEATING FURNACE WITH TYPHOON BURNER 


HEATING FURNACES 


OF ALL TYPES 


ANNEALING FURNACES 
OTHER SPECIALITIES: 
MORGAN GAS MACHINES @ SOAKING 
REMEATING FURNACES PITS (ISLEY CONTROLLED) @ HOT 
METAL MIXER CARS @ TYPHOON 
FORGE FURNACES ROTARY FLAME GAS BURNERS @ MILL 
FURNACES @ MORGAN AIRJECTORS 


NASSHEUER CONTINUOUS BRIGHT AN- 
WIRE AND STRIP FURNACES NEALING FURNACES (SOLE LICENSEES) 


CONSULTATIONS AND REPORTS 


THE INTERNATIONAL CONSTRUCTION CO. LTD. 


56 KINGSWAY + LONDON -: W.C.2 
Phone: HOLBORN 1871-2 Grams: SAHLIN, WESTCENT, 2 LONDON 
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can you 
afford 
your 
centrally 
heated 
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With rising production costs it’s hardly likely. The people to see are 


Spencer-Bonecourt-Clarkson who for over forty years have been experts in 
waste heat recovery for steam raising in a wide range of industries. In addition 
to fire-tube boilers, S-B-C now also supply water-tube boilers. 

The vigorous approach of S-B-C technicians leads them into many fields of 
enquiry. They are experts on latent cooling techniques as applied to door frames 
and other parts of open hearth furnaces, and to the skids of reheating furnaces 
Keeping abreast of the latest developments in the Steel and other industries, 

a team of S-B-C engineers recently toured Germany and other continental 
countries to inspect the newest techniques. 

S-B-C are the people best equipped to advise you and to act for you in the 
recovery of waste heat. Write or ‘phone today —time spent now can save you 
pounds for years to come. 


SPENCER-BONECOURT-CLARKSON LTD Leaders in Waste Heat Recovery 


A subsidiary company of Babcock & Wi/cox Ltd 


28 EASTON STREET * LONDON: W.C.1 °° Telephone: Terminus 7466 
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The snail, most thought- 
fully, goes to some 
pains to reconcile his 


own needs with those 


of the conchologist 


e As home and protection, 
his shell must be tough, 
portable, and very much 
made to measure. At 
the same time, it must 
have just those qualities 
which—in due course— 
will delight the collector 
e Sheet steel from the 
City of Steel follows no 
less closely its intended 
purpose e Each order 
is treated as a separate 
assignment so that 
you, the manufacturer, 
MAD E TQ) M EASU RE get the particular kind of 
steel your product needs 
e Steel, in fact, made to 
measure—to your exact 


requirements. 


« 


> 


Vy Xo 


THE STEEL COMPANY OF WALES LIMITED 
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flows through a large ‘Deptford’ 
Rotary Water Strainer. The strainer consists 
of a rotating perforated drum, rolled 
from naval brass plate and the water flows into it through 
3/16th inch diameter perforations. The debris 
collects on the outside of the drum and is scraped off by a fixed, 
phosphor bronze, blade. Cleaning is continuous and 
entirely automatic and back-washing is not required. Sludge is 
flushed out of the hopper beneath the strainer at intervals, 
without interrupting the flow. ‘Deptford’ Strainers are made in a 
number of sizes, with capacities up to 5,000,000 g.p.h. 


A fully illustrated brochure is available upon request. 


RIGHARDSONS WESTGARTH (HARTLEPOOL) LTD 


A member of the RICHARDSONS WESTGARTH GROUP 


HARTLEPOOL, CO. DURHAM AND AT 58 VICTORIA STREET, LONDON, S.W.1 
59 MOSLEY STREET, MANCHESTER, 75 BUCHANAN STREET, GLASGOW 
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Two train loads of rails 
and switches leaving 
Summerson’s Spennymoor 
Work 


SUMMERSON ‘Designing’ 


wins big Thailand contract 
for rails and switches 


In the face of keen world wide competition Summersons obtained a contract from the State Railways of Thailand 
comprising 115 turnouts angle | in 10, complete with over-riding switches and cast manganese vee pieces, also seven 
diamond fixed crossings, angle | in 10, including two acute crossings with cast steel vees and two obtuse crossings 
Ancillary equipment was also supplied. 

Good designing was a deciding factor, and Summersons 120 years of experience of designing, manufacturing and 
laying railway track stood them in good stead. Write for a copy of Summersons Book of Railway Sidings 


THOMAS SUMMERSON & SONS, LTD. MOWDEN HALL, DARLINGTON TELEPHONI DARLINGTON 


if 


ipa 


U 
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Ilustration shows partof 
two complete trains used 
tu deliver. 
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QUALITY CONTROL 
through 


FULLY 12. 1001 
AUTOMATIC — 
X-RAY _ 
ANALYSIS 
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Instrument House, 207 King’ Road, London, TERmiy 7 
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CUT YOUR ,LOSSES 


with a Le 


The furnace industry is well acquainted with THERBLOC® for *® THERBLOC is a highly efficient Mineral 


insulation up to 1500°F. Where lower temperatures are involved Wost Sled wich & Selng ume enten- 
. sively in place of diatomite as a backing 
however, for example, core stoves and paint booths, consider S.R./0 


insulant at interface temperatures up to 
Mineral Wool slabs. An inexpensive, yet valuable material not only for : i 
’ ? 815 C. Write for Technical Data No. 5 


maintaining temperatures and reducing fuel bills but also to make on THERRLOC for furnace and stove 


working conditions more acceptable to operators. insulation 


— cae G&G SEND COUPON FOR DETAILS? OPS | 


To STILLITE PRODUCTS LIMITED, 15 Whitehall, London, S.W.1 


Please send me Technical Data Sheet No /0 


NAME 


Regd. Trade Mark | 





STILLITE PRODUCTS LTD. ones 
15 Whitehall, London, $.W.1. Tel: Whitehall 0922/7 


and at St, Vincent Street., Glasgow C.2. Tel: Central 4292 (Just attach to letterhead) Journal of the Iron and Stee! Institute 
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A BUSY TECHNICAL MAN 
can stillkeep UP-TO-DATE 


October, 1960 


\ 


Too much to read — and too little time? The answer lies in 

THE NICKEL BULLETIN, proved friend of many a busy man over the 
past thirty-odd years. This invaluable monthly journal covers, 

in abstract form, new research, new processes, new 

materials in every industrial field. Its contents 

are drawn from learned societies’ and official 

publications and the technical press all 

over the world. Full details of original 


source are given. 


Save lime by reading 


THE NICKEL BULLETIN 


each month 


Write now for a copy of THE NICKEL BULLETIN 
Please send me a specimen copy of your free publication 

THE NICKEL BULLETIN 

NAME 


ADDRESS 


1S /MP28 /10 


THE MOND NICKEL COMPANY LIMITED 


THAMES HOUSE - MILLBANK + LONDON SWI 


TGA MP28 





NO STONE UNTURNED 


ties require new solutions. Even the very considerable know-how on steel 
‘d by the GRKN Group is not always sufficient to solve our « ustomers’ problems immediately. 
and our customers—attach such importance to our ability to find out 


] i 1 1 ] . > ] _ 
when we do not already know how. Thus new products, new processes and new 


do with steel are the constant concern of all the GAN companies. 


Po strengthen the work of individual companies in this direction— ar 


company to maintain a lead in its own particular field —the Group Research 


Laboratory carries out research and d velopment in mee hanical and electrical envineering 


metallurgy, physics, chemistry an nstrumentation. 


Phe Group Research Laboratory is excellently equipped and statled. It helps to 
} | } | 


keep the Group up to date nd h Ips, too, to temper its less justifiable enthusiasms as 


well as its steel. attract \ ideas wherevet they are to be found. Behind each of 


80 companies in the GRN Group there is the Group Research Lal 


MOKralory 


Phat is one of the reasons wl the Group can ler, W uch confidence, anything in 


, 1 } 
steel and steel produc 
I 


THE G K«aN GROUP OF COMPANIES 


FOR ANYTHING AND EVERYTHING IN STEEL 
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Mobil D.T.E. Oils stand 
head and shoulders above 
all ordinary oils. They 

give / protection 
and performance that 

no oil on the market 


today can equal. 


Mobil D.T.E. Oils give 
you the following 
advantages: 


LONGER OIL LIFE 


QUICK SEPARATION 
FROM WATER 


FREEDOM FROM 
DEPOSITS 


PROTECTION AGAINST 
RUST AND CORROSION 


LESS WEAR 


HIGH TEMPERATURE 
STABILITY 





Mobil D.T.E. Oils 
to reduce 
maintenance 
costs and 
increase 
production 





ASK THE MAN 
FROM MOBIL ABOUT 
BALANCED OILS 


Our representative will give you 

the facts—the facts about the 

performance of Mobil D.T.E. Oils 
parison tests with other 


we known hydraulic and 


rculating oils 
Trom M bil oO ¢ | 
rw Mobil L 


educe n 


icrease production 





ECONOMY, SERVICE 


tt 
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Reproduction of 16th century Dutch Print, 
illustrating the craft of the Tin-smith. (Copyright, 
Radio Times — Hulton Picture Library) 


‘Every 


mar 
to bis 
owrDy 
trade — 


“EMEA 


\ 
MUUNEYTE OME OUEMOUNRUNERE RAE Od TOeR THA 
“ eeeer een eregerre, 





and 
our 


trade is STE E LY! 


Not only mild steel for everyday use but also the 
special steels demanded by the Nuclear Age. . . for 
example we produced the special steel plates for the 
reactor vessels at Calder Hall, Chapelcross and 
_ Bradwell, and have now supplied plates for the 
cons®™ \ nuclear power station reactor at Latina, Italy. 


4 ; i 
Ai .\ \ oy An interesting booklet **Steels for the Job’, just 
SF \ 


published by us, describes some of our newer products. 
We shall be delighted to send you a copy. 


YOU SHOULD HAVE Our Technical and Research Department will also welcome 
THIS BOOK, ° ° 
enquiries from any whose problem is .. . STEEL 


CONSETT IRON COMPANY LIMITED, cCoNsETT, COUNTY DURHAM 


Telephone: Consett 341 (12 lines) Telegrams: Steel Phone Consett 
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CHEMICALS 


BUILDING 
BRICKS 


REFRACTORY 
BRICKS 


he K.I.P. range includes lightweight insulating firebrick in 6 
grades for temperatures up to 1500°C—‘back-up’ 


insulation up to 850°C and insulation 


castables up to 1300°C, 
SANITARY 
WARE 


‘KINGSCLIFFE eS, 


INSULATING PRODUCTS LTD. 


HEATING 
EQUIPMENT 


Head Office: STORRS BRIDGE WORKS - LOXLEY NR. SHEFFIELD Tel. 343844: 5-6 


One of the MARSHALL REFRACTORIES GROUP of Companies 


f KIP.31 
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ALL types of dust and fume control plant 


Gases are cleaned and dusts controlled by Sturtevant plant to promote the 
vitally important interests of health, safety, economy and high production 


efficiency. The widest range of modern equipment is employed, including 


ELECTROSTATIC PRECIPITATORS CY CLONES 
SCRUBBERS TEXTILE FILTERS 





Sturtevant plant is designed and installed to: 


@ CLEAN GASES AND COLLECT FINE DUSTS AND FUMES 
from blast furnaces, open-hearth furnaces, sinter plant, 
converters, electric arc furnaces and hot blast cupolas 


COLLECT DUST from conveyors, elevators, crushers 
and screens handling raw materials 








Enquiries to our reference Z101.S (Stan 
-* CLEAN AiR 


STURTEVANT ENGINEERING CO. LTD., SOUTHERN HOUSE, CANNON STREET, LONDON, E.C.4 


AUSTRALIA: STURTEVANT ENGINEERING CO. (AUSTRALASIA) LTD., 400 SUSSEX STREET, SYDNEY, N.S.W. 
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Circular, rectangular and 


bi-polar magnets are part 


of the wide range of 

electric magnets made by 
The General Electric Co. Ltd. 
Please ask for Technical 


Descriptions Nos. 315 & 379. 


THE GENERAL ELECTRIC COMPANY LIMITED 
MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 


October, 1960 





don’t 
eceece [gsea 
it 


When flue gases escape into the air they’re gone 

for good, and with them goes the chance of a big 

fuel saving. 

With a Senior Economiser you can use these gases to 
pre-heat the feed water, saving 10—20”,, of your fuel, 
increasing the efficiency of your boiler plant, 

cutting the cost of steam. 

Senior Economisers, with their patented H-gilled 

heat exchange tubes, combine maximum effective 
heating surface with minimum resistance to flue gas flow. 
Straight, uniform gas passages, which do not collect 
soot, keep draught losses consistently low and rate 

of heat recovery constant. 

If you have a boiler burning more than 20 tons weekly 
of any type of fuel, you can take advantage of 

Senior Economisers. They are built individually to suit 
your plant, and capital cost is soon repaid in fuel savings. 


Why not write for further details ? 


Diagram shows temperature figures 
in a typical installation, 








®eeeeeee?® 
economisers 
Wor cheaper Stan 


SENIOR ECONOMISERS LIMITED 
Northumberland House, 303-306 High Holborn, London, W.C.1 
lel: CHAncery 8173 (8 lines 


) 
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EVEN A \ 


CHIEF ENGINEER 


\ 


\3 Hectic days these 
CAN BE PUZZLED & Is everything under control? 
J 
Pushbuttons, timers, isolators, 
Electric motors in pumping room, casting room, plating shop 
Mustn’t fail or production loss, loss, loss 
Processes integrated, sequences correlated 
Is there a spanner in the house? 
Electric, electronic, esoteric functions all, 
Cosset them, cuss at them, keep them in hand 
Motor selection, overload protection — don’t forget 
It’s the wife’s birthday tomorrow 
J. B.’s new ideas for the finishing line; humour him, 
Might be possible, though. 
Mains wiring, control wiring, where’s the labour coming from ? 
Control gear — DUPAR — that’s the name 


Must write. 


_ 


—-_ o_o, 
—- 
— 
—E ee aa 
—_— 
— 
—— 
_—_ 


“all gy 
/ SHED THE LOAD of your motor control problems 
by consulting the Dewhurst Technical Advisory Service. 


/ 


\ engineering and allied fields. 


\ ot + 
Q) ewe? 
ee »< 
DORG. ioe Zz 


DEWHURST INVERNESS WORKS: HOUNSLOW : MIDDLESEX 


Telephone: HOUnslow 7791 (12 lines) Telegrams: DEWHURST - HOUNSLOW 


& PARTNER LIMITED Field Offices at 


BIRMINGHAM ° GLASGOW ° GLOUCESTER LEEDS MANCHESTER - NEWCASTLE NOTTINGHAM 


\ There is DUPAR control equipment for all va’ 
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This is the M.R.2 Blast Furnace refractory —a very 
special brick indeed. It was developed for one 
application—the lining of Blast Furnaces operating 
on lean ores~ with 100°, sinter—and driven hard. 

M.R.2 is an extremely hard, low porosity re- 
fractory to enable it to resist the abrasive effect 
of the sinter. It is completely unaffected by 


carbon monoxide and is manufactured from 
very carefully selected raw materials prepared 
and moulded under the most stringent control 
with a final kilning at temperatures of the order 


of 1600'C to ensure complete volume stability 


Nelo) alel que l=toyleparsye 


to do one job perfectly 


at normal Blast Furnace operating temperatures. 
This is a brick with a narrow market, but it is 
typical of the way the Chemists, Physicists and 
Engineers at Neston look upon the making of 
refractories —as a branch of precise chemical 
engineering. Amongst tne other things they make 
with equal care are M R.1 and M.R.60 bricks and 
special shapes; low-heat storage insulating refrac- 
tories M.I.28, and the whole range of Tri-Mor 
Mouldables and Castables for Monolithic linings 
which are having such a profound effect on all 
classes of furnace design. 


MORGAN 


efractories Ltd 


MORGAN REFRACTORIES LTD 
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NESTON WIRRAL CHESHIRE 


TELEPHON! NESTON 1406 
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He turns base metal into gold! 


No alchemist this, but a skilled scrapman in a Ward scrapyard. With his highly 
specialised experience, he can quickly prepare large masses of scrap for reduction 
to furnace sizes. Not only steel and iron, but all non-ferrous metals are handled 
too, both under strict metallurgical control. At scrapyards all over the country, 
equipped with the most modern plant, Wards handle thousands of tons of 

metal a day, and they are proud to be the leaders in this important industry. 


Helping to feed the furnaces with carefully graded scrap is only one activity of 
the Ward Group of Companies whose products and services cover almost 
every branch of industry. 


omd The wor THOS. W. WARD LTD ‘#¥ 


ALBION WORKS, SHEFFIELD. London Office: BRETTENHAM HOUSE, STRAND, W 
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Typical Flow Sheet for 60 Ton Converter 


S. F. VENTURI 
SCRUBBER 


120,000 CFM AT 

1SO°F 50 GPM H20 

EVAP, 

P-A VENTURI 
AND 13 GPM 

SEPARATOR Quenaeseneees 


STACK | 6 
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Oo 
> 
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WATER #0) = 
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WATER 








550 GPM 
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OXYGEN : ; iit Tt ARE 


CONVERTER “@7aqed SD bagey oe 
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MAKE-UP 


{5 





c 


SLURRY ee 


7) 


SOLIDS RECOVERY UNIT 


e 
SIX The recent installation of Chemico Venturi Gas Scrubbers at 


a major steel plant in Canada marks the sixth time Venturi 


converter Gas Scrubbers have been used to prevent an extremely un- 


desirable source of air pollution—Iron Oxide Dust. Chemico 


s ® 
instal lations Venturi Scrubbers maintain leadership in the world’s steel 


industries because they offer wet scrubbing which allows non- 


[) rove explosive collection, efficiencies above 99°, and extremely low 


maintenance, In addition no critical controls are required to 


maintain efficiency and the handling of dust is simplified by 
recovery in a dry form. Chemico Gas Scrubbers are ideally 
suited for Open Hearth Furnaces, Cupolas, Scarfing opera- 
tions, Sintering operations, and Electric Furnaces. For further 
information and a copy of a brochure giving full particulars, 


contact the Chemico Gas Scrubber Division: 


a 
ib On = a 5 ¢o 


CHEMICAL CONSTRUCTION (G.B.) LTD. 9 HENRIETTA PLACE, LONDON, W.!. LANGHAM 657! 








A SUBSIDIARY OF CHEMICAL CONSTRUCTION CORPORATION, NEW YORK, U-S.A. 
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SENDZIMIR PLANETARY HOT ROLLING MILL 


=i ROBERLSON 


FOR MESSRS. J. J. HABERSHON & SONS LTD., ROTHERHAM 
BY WHOSE COURTESY THIS PHOTOGRAPH APPEARS 


This mill is designed to produce hot rolled strip up to 15 in. wide and as thin 
as -048 from slabs 12 in. thick in mild, high carbon and stainless steels 

The mill consists essentially of feed rolls, planetary roll assembly and a final 
two-high planishing mill followed by coiling equipment 

Nominal output is 10 tons per hour which has already been considerably 
exceeded 

Surface finish is fully up to the standard required for subsequent cold rolling. 


This is the second Planetary Mill in Great Britain both of which have been 


W. H. A. ROBERTSON & CO. LTD., Bedford, England 


LICENSEES FOR THE BUILDING OF SENDZIMER COLD REDUCTION MILLS AND PLANETARY HOT MILLS, HALLDEN 
GUILLOTINE AND ROTARY FLYING SHEAR MACHINES AND TORRINGTON METAL WORKING MACHINERY 


WT. 311R 
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The 


Colville 


rOup 


of Companies 


united to serve the world demand for Steel 


COLVILLES LTD. 


THE CLYDE ALLOY 
2ieek CO LTD. 


THE ETNA IRON & 
eteen CO LEP. 


THE LANARKSHIRE 
Stee. CO. LTD. 


SMITH & McLEAN 
sa 


In Scotland, Colvilles are engaged on a vast development 
programme. By 1963 ingot capacity will be raised to 
3.3 million tons per annum, and the Group will produce 
in their modern mills the full range of steel products— 
heavy and light plates, sheets and strip. Heavy and light 
sections, bars and broad flange beams. 


©?) | THE COLVILLE 


| GROUP OF COMPANIES 


COLVILLES LTD 195 West George Street Glasgow C.2 
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PFS lvetite— plastic bonded 
to steel—-has puta new 
face on Prestcold KFarmMoor 


frozen food cabinets 











f 





Plastic 
bonded 
to 

Steel 


Accepted by the 
Council of 


Industrial Design for 
“ Design Index.” 


October, 1960 


SOMETHING NEW IN SHEBT STEEL ... ready 
surfaced with durable vinyl i the colour of your choice, 
all set for fabrication—that’s Stelvetite. It can be cut, deep 
drawn, folded flat and welded; and the hard-wearing 
vinyl face which Stelvetite shows the world will resist 
oils, detergents, acids—and time. It comes in a wide range 
of colours and textures. It is made into vehicles, partitions, 
ceilings,, furniture, kitchen equipment, wall cladding and 
drums... all of them colourful and durable. In production 


costs alone Stelvetite is a money saver. Investigate it! 


1/1 enquiries about Prestcold refrigeration units should be made to 


Pre stcold Division, Pre Se d Ste el ( ompan\ Lid.. Swanse a, Glam 





STELVETITE*—made in co-operation th BX Plastics Ltd— 
by John Summers & Sons Ltd. 
who produce over 52,000 miles of sheet stee! every year, 


Write tousat Dept. JS, Shotton, Chester, for full information, 
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photograph was tak 
>» down on the sinter cooler 


at Barrow lronw 


For 70 years we have made steady improve- 
ment in the sintering process our business, and 
each sinter plant we design and install incor- 
porates the latest developments in_ sintering 
technique 

At many new sinter plants, including those at 
Barrow Ironworks, Consett Ironworks, the 
Iron and Steel Corporation of South Africa, 
Cockerill-Ougréee (Belgium) and the Societe 
Métallurgique de Normandie (France), a new 
Huntington Heberlein cooler has increased the 
efficiency of the sinter process. High quality 
sinter is being cooled in 20 minutes from 600°C 
for transmission on normal belt conveyors. This 
cooling is achieved by forced circulation from 
cold air fans which work at very low power 
consumptions 

Associated in the U.S.A. with Koppers Com- 
pany Incorporated, our other specialities in- 
clude: Ore Dressing Plants, High Intensity 
Magnetic Separators, Herreshoff Furnaces and 
Badische Turbulent Layer Roasters 





ntroi pane 


at Barrow 





CONTINUOUS SINTERING PLANTS BY 


Huntington, Heberlein &§ Co. Ltd 


Simon House, 28-29 Dover Street. London, W.1. Telephone: Hyde Park 8191. Telex: 2-3165. Telegrams: Innovation Wesphone London Telex 


Con monwealth Re presenta ¢ Siumon-Carves (Africa) | Pry ) l fa Joh wmesPpure Simon-( are ( {ustralia) Pty Ltd Botan \ S.u 
HH29 Simon-Carves Ltd: Calcutta Simon-Carves of Canada Ltd: Toronto 
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Throughout the steel industry, at home and 
abroad, Brookhirst Igranic equipment controls process 
Operations and the flow of raw materials. At the new 
plant of South Durham Steel and Iron Company Limited, 
for instance, Brookhirst Igranic supplied d.c. motor 
control gear for soaking pits, the slabbing mill, light and 


heavy shearing lines, and d.c. and a.c. electrical charging 


control gear for the blast furnace. 


There can be no finer tribute than this to the quality and 
reliability built into Brookhirst Igranic control 


BROOKHIRST IGRANIC 


Sales Headquart BEDFORD WORKS: BEDFORD : + CHESTER & BEDFORD 


trea Off BIRMINGHAM e¢ BRISTOL e CARDIFF e EAST ANGLIA e GLASGOW e LEEDS 


LONDON * MANCHESTER @ MID-SOUTHERN ¢ NEWCASTLE © NOTTINGHAM ¢ SHEFFIELD ¢ BELFAST 


Makers of Britain’s widest range of electrical control and associated equipment 








AERIAL VIEW OF THE UNLOADING WHARF —Photograph 


WIRE RODS 


IN ALL QUALITIES OTHER 
PRODUCTS 


| ISTS : AN Te | BASIC PIG IRON 
Aten, . ee FERRO-MANGANESE 
tet cts TUBE STEEL 
HANNELS ie 


SASH AND GLAZING 
SECTIONS 


HAMMER-LOCK 
STRUTS 


FLATS ROUNDS gene 
BALING HOOPS 


CABLE TAPE 





COKE OVEN 
BY-PRODUCTS 








IRON, STEEL 
AND NON-FERROUS 


LANCASHIRE STEEL MANUFACTURING COMPANY LIMITED retin 


CONCRETE FLAGS, 


(HEAD OFFICE:) KERBS ETC 


Telephone: WARRINGTON Telegrams: - 
LSM 








31222 LANCASTEEL 
WORKS: IRLAM & WARRINGTON 


London Office: KINNAIRD HOUSE PALL MALL EAST, S.W.1 - Telephone: WHITEHALL 7515 + Telegrams: LANCASTEEL, LESQUARE, LONDON 
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IRON OXIDE FUME REMOVAL 
FROM DESEAMING PLANT 


1 A | DS, 
17 ee 


PRECIPITATOR ON 


Reproduced by 
permission of 


ssrs. Stee] Peech & Tozer 


i plant in the 
ion at the Cor 
1 in 1954. A further 
Iston Works of the 
same company. 


W.C. & CO. LTD. 


Gas Cleaning Division, Telephones: Huddersfield 5280 


Turnbridge, London: Victoria 9971 
Huddersfield Birmingham: Midland 6830 
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Where there are Steelworks 
Foundries and Mills... 


Ps ’ 


did - %,. oo eeg al 
Sens aN 


_.. there are COWANS SHELDON cranes 


and general purpose 
steelworks handling equipment 


J 


General Purpose overhead 
travelling cranes to Steelworks 
and B.1.S.R.A. specifications 


GOLIATH CRANES - DIESEL RAIL CRANES 
HEAVY-LIFT DIESEL RAIL CRANES 
WAGON TURNTABLES AND TRAVERSERS 


COWANS SHELDON 


COWANS SHELDON & CO LTD 
CARLISLE ENGLAND Telephone: CARLISLE 24196-7 


London Office: AFRICA HOUSE KINGSWAY WC2 Tel: Holborn 0268 4149 
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Lo the expert's discernin 

Wraves of Shetheld 

pit retract 

shape and 

finish ensut 

by the metal 

lL hese att 
relractor\ 
all add up 


yustest steelmakers 


LADLE LINING 
SLEEVES 


Wraggs of Sheffield « 


MPH I 


RULMPEI 


for reliable casting pit refractories 


NG 
THOS. WRAGG & SONS (SHEFFIELD) LTD. LOXLEY, NR. SHEFFIELD. TELEPHONE: 343034 
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Intensive Research & Development 


by 
The STEETLEY. Ltd 
Retractor 


has r¢ 1 
v hi are helping 
to compete s 
drive for world 


MAGNESITE BRICKS 
CHROMAG BRICKS 
MAGNESITE-CHF 


pssed Air Fettling) 


D GANISTER 


SILICA BRICKS 
as Industry) 


REINF( ! 110 B IRON BONDED 
BASIC BRIC A BRICKS (Cupolas) 


The 
OUGHTIBRIDGE SILICA CLEVELAND MAGNESITE SWANN RATCLIFFE & CO 


FIREBRICK CO LTD & REFRACTORY CO LTD (BRASSINGTON) LTD 
Oughtibridge nr. Sheffield Normanby Brickworks, Normanby Wirksworth, Derbyshire 
Tel: Oughtibridge 2311 Middlesbrough Tel: Normanby 255-7 








Companies of the Steetley Refractory Brick Division 
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THE IRON AND STEEL INSTITUTE 


4 Grosvenor Gardens London SW1 


Council and Officers 
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SLOOMING MILL FOR THE NEW STEELWORKS AT DURGAPUR 
in West Bengal being constructed by ISCON, photographed in course of erection in Davy-United’s 
Darnall Works. As a member of ISCON Davy-United are responsible for over a quarter of this new Indian 
Steelworks, including all the rolling mills, the wheel and axle plant, the central engineering maintenance 
shops and the iron and steel foundry. The engineering and supply of all the 75,000 tons of machinery involved 
is being co-ordinated by the Davy-United Construction Division. 
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W.H. MATHER, O.B.E., T.D., M.I.Mech.E., M.1.E.E. 


WILLIAM HARVEY MATHER was born in 1907 and educated at 
Durham School. His technical training began when he became a 
premium apprentice to the chief mechanical engineer of the London 
and North Eastern Railway in 1927. 

From 1930 to 1951, apart from his war service, Colonel Mather held 
various appointments in the locomotive running department and the 
chief mechanical engineer's department of the LNER. In 1951 he joined 
The Head Wrightson Machine Company Ltd as assistant general 
manager, and this year he was appointed managing director. 

Colonel Mather served with the Territorial Army from 1926 to 1954. 

In the Second World War he commanded the 113th L.A.A. Regiment 
of the Royal Artillery throughout the campaign in Western Europe, and 
was awarded the O.B.E. (Military) and was mentioned in despatches. 
He was also awarded the Chevalier Order of Leopold with Palm, and 
the Croix de Guerre (1940) with Palm. He is now an active member of 
the North Riding Territorial Army and Auxiliary Forces Association. 
Colonel Mather serves on a number of committees and metallurgical 
societies. He is a member of the committee of the North Eastern 
Branch of the Institution of Mechanical Engineers, and a member of 
the Cleveland Institution of Engineers, the Institution of Electrical 
Engineers, the Institution of Production Engineers, and the 

British Institute of Management. He is also a member of the American 
Association of Iron and Steel Engineers. 

Colonel Mather joined The Iron and Steel Institute in 1952, and this 
year, as president of the Cleveland Institution of Engineers, he has 
served as an Honorary Member of Council. 
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The Construction Division of Davy-United Engineering Company Limited 
offers an overall engineering service to any steel maker planning 

a development project. Whether his plans cover the re-modelling of an 
existing plant, the addition of new production departments or even 

the layout and construction of a complete steelworks, Davy-United’s 
Construction Division will engineer the entire project, co-ordinate 

the supply of equipment involved and assume full responsibility for the 
‘whole job. Alternatively, the division will undertake any part of a 
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PAPERS AND REPORTS ON RESEARCH AND PRACTICE 


Metallurgy 
Plant Operation 
Research 


Creep, mechanical, and metallurgical 
properties of an experimental molybdenum— 
vanadium steel rotor forging 


A. |. Smith, B.Sc., A.M.1).Mech.E., A.l.M., E. A. Jenkinson, M.Sc., A.l.M., 
D. J. Armstrong, A.M.1.Mech.E., and L. M. T. Hopkin, Ph.D., A.R.S.M., A.L.M. 


INTRODUCTION 


THE ADOPTION OF STEAM CONDITIONS of L050°F and 
1500 |b/in? and above for the largest power units in 
the UK has resulted in the use of steels with superior 
high-temperature properties to those of the carbon 
and carbon—molybdenum types used for many years. 
In the case of high-pressure turbine rotors a steel con 
taining about 4° ,Mo and }°,V 
used. In consequence, the J/E Subcommittee of the 
British Electrical and Allied Industries Research 
Association, which is concerned with the development 
of steels for steam power plant in the UK, sponsored 
an investigation, at the National Physical Laboratory, 
of the creep, mechanical, and metallurgical properties 
of a 30-in. dia. Mo—V steel rotor.* 

The present report includes a brief description of the 
manufacture of the rotor and its heat-treatment. 
Creep tests to obtain design data for an estimated life 
of a power station of 100000 h were made on samples 


Is one ol those now 


from various parts of the rotor in the air-cooled and 
tempered condition, this being the condition of heat- 
treatment in which many rotors are put into service. 
A few comparative creep tests were made on part of 
the rotor which had been oil quenched and tempered 
to find out whether this heat-treatment conferred 
better creep resistance than air cooling and tempering 
The creep properties of the rotor have been compared 
with limited data available on Mo-V and 3°,Cr—-Mo 
V-W steels used by the Admiralty for smaller diameter 
rotors for naval purposes 


PARTICULARS OF THE MATERIAL 


The rotor forging, of a type suitable for high pressure 
steam turbines for land power stations, was supplied 
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Mr Smith and Mr Armstrong areat the Me ind Material 
Division, National Laboratory, East Kilbride 
Glasgow, and Dr Hopkin and Mr Jenkinson are at the Metal 


Teddington 


Engineering 


lurgy Division, National Physical Laboratory, 
* Contributions to the cost of the rotor were made by Tho 
Firth and John Brown Ltd, The British Thomson—Houston 
Co. Ltd, The English Eleetrie Co. Ltd, The General Ele 

Co. Ltd, The Metropolitan—Vickers Kl Ltd, and 
C.A ind Co. Ltd 


trical Co. 


Parsons 


SYNOPSIS 
Creep te sts have been carried out to obtain desian data for 
a 30-1 l) urt ¢ rotor in an atr-cooled and te mpered 
condition how that. for desiqns based on a 
maximum O-T and 0-3 na 


life of 100 000 h at 3 tons;in? 


strain | hetween SErvuce 
the rotor ce uld ope rate ata 
temperature of about 550°C. A few con parative tests on 
the same rotor in an oil-que nched and ten pe red condition 
show a slight superiority in cre 
tively high stresses, but this is 
{lthough the short-time j 
in proved by ou quen hing and te mpering, as compared 
with the air-cooled and t mp red material, the notched 
raised, In both 


is lower at 


ep re sistance at compara- 
absent at 3d tonslin* 


te nsile properte are somewhat 


bar in pact fransition ten per wure is also 


conditions of heat-treatment impact resistance 
the rim of the rotor than at the bore 
of the rotor 
and te m pe red condition is sli jhtly le 
ster MoV vole tee abich 
limited data available suqqest that. wi 
Mo-V and 3°,Cr—Mo-V-—-W steels have 


resistances 
The microstructure of the 


The creep resistance even in the quenched 
s than that of two 
T he 
rotors of 


ereep 


data are available 
je neral 
Way 
present rotor consisted of 
iL rrite and pearlite in the air-cooled and tempered CON- 
dition and Jé rrite a d hainite in the oil que nched and tem- 
Extracted residues 
creep testing the carbides changed froma predom 
Ke,C to that of \ iC, together with some Mo,f 

analyse Ss of residue Sonat 
molybde num content afte 
10000 hat 58S” and G00 4 
which the Sf re duce s 
Mo in solid 


pered condition showed that during 
LHahince of 
( hemical 
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howed a signi ICTOCASE in 


creep tests lasting more than 
that the te 


tale n 


from 
than 


1853 


f preces 
} 
mere contained és 


Or } 
Oe solution. 


ition 


by Thos. Firth and John Brown Ltd to a specific 
laid down by the Me tropolitan Vicker 
Ltd 


facture. The steel wa made by the electric are process 


Electrical Co, 


who acted as inspecting authority during manu 


The specification for the composition of the steel and 
the cast analysis are given in Table | 

The ingot weighed about 36 tons and was of octag- 
ss the flats at the 


onal cross-section, the distance acr 


Journal of The Iron and Steel Institute October 1960 117 





118 Smith et al. Creep and other properties of Mo-V steel rotor forging 


TABLE | Cast analysis (wt-°.,) TABLE I! Specification for acceptance tests 


C Si Mn 8 P Mo \V Ni Cr 0-2% proof 0:5°%, proof Tensile 











stress, stress, strength, Elongation, 


7 ‘ ) DF . 3 » > » 
Specification O-17 0-30 0-4 0-04 0-04 0-6 0-25 0°30 0-30 Position tons/in? tons/in2 tons/in? 


to max. to max. max. to to max. Max. 
0-21 0-6 0-75 0-30 
: ; . , P fe : oa > Longitudinal 
Cast analvsis 0-19 0-28 0-46 0-013 0-010 0-66 O-28 0-36 0-20 4 
ransverse 


Radial 











top being 56 in. The length of the chill was 7 ft 3 in. 
The ingot was forged, allowing minimum discards at 
the top and bottom of 25% and 5%, respectively, 
according to the specification. The barrel of the rotor 
forging was 32 in. in diameter and 37 in. long while the 
shaft ends were 15 in. dia. and 37 and 393 in. long 
respectively. 

The forging was given the following annealing treat- 
ment: delivered hot and held at 650°C for 12 h; cooled 
to 300 C and held for 10 h; reheated to 930—-940°C, 
held for 10 h: cooled to 300°C held for 10 h: heated to 
650°C, held for LO h; and slowly cooled to 100°C, 

After annealing, the forging was rough machined 
and gashed to produce three wheels of different thick- 
nesses, as shown in Fig.l, with the exception that 
material for acceptance tests was left on the body and 
shaft ends. 

The normalizing and tempering treatment given to 
the rotor was as follows: heated to 950°C and held for 
9% h, followed by air cooling to 350°C. The rotor was 
held at this temperature for 10 h and then reheated to 
680°C and held for 8 h. It was then reversed in the 
furnace from top to bottom and held for a further 6h 
at 680 C after which it was furnace cooled to L00 °C, 

The rotor was sectioned and tested by Thos. Firth 
and John Brown Ltd. The results of acceptance tests 
were considered satisfactory by the Metropolitan 
Vickers Electrical Co. Ltd. The specification for the 
acceptance tests is given in Table II. 

The shaft ends were then parted off, but the tre- 
panning of the core of the body portion was omitted to 
hasten the sectioning of the rotor. The rotor was 
parted to produce three dises A, B, and C as detailed 
in Fig.l. Sulphur printing and macro-etching were 
carried out on the transverse faces of all three dises 
and on diametral sections of discs A and B. Figure 2 
shows a photographie copy of the sulphur prints Ww hich 
were taken on the diametral sections of dises A and B. 
The degree of segregation was not considered abnor- 
mal. 

A dise 14 in. thick (AC in Fig.1) was parted from the 
mid-section of dise C' in its air-cooled and tempered 
condition. The two remaining parts of the body of dise 


25in. 30in. 22'2in, 


[Shaft end Y_ 
+ 


Chain-dotted lines 


denote position of cuts 


Dise AC’ was parted from dise C in the air-cooled and tempered 
condition, and dise OC in the oil-quenched and tempered 
condition 


Dimensions and positions of test discs, Mo—V steel rotor Photographic copy of sulphur prints from : 


forging UBF metral sections of disc A (left) and dise B (righ 
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(' were joined by a peripheral weld, to maintain the 
original ‘mass effect’ and the dist 
heat-treated follows: oil quenched from 970°C, 
tempered at 680°C for 8 h. After this treatment, a 
14 in, thick (OC in Fig.1) 
the mid-section of the oil-quenched and tempered 
dise C immediately adjacent to the air-cooled and 
tempered disc. 


reassembled was 


as 


second dist was parted from 


Hardness surveys were made on the diametral see- 
tion of dise A and on the transverse faces of the air- 
cooled and tempered and the oil quenched and 
tempered dises from dise C. The results are shown in 
Figs.3 and 4. The dises were then sectioned to obtain 
test blanks which were forwarded to NPL. 


CHEMICAL ANALYSIS 


Chemical analyses of samples taken from various parts 
of the rotor were made at NPL and the results are 
given in Table III. The analyses of a 4-in. dia. bar 
forged from the rotor shaft ends? has been included 
for comparison. There is no evidence of marked segre- 
gation except that the carbon and molybdenum con- 
tents of the rim of each dise are slightly higher than at 


TABLE Ill 
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Chemical analyses of the experimental Mo—V rotor 
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TABLE !V_ Results of tensile tests on the air-cooled and tempered material 


Tests made in tangential direction 


Rate of loading 


th 





Lise ¢ | disc Disc 
Rin Rin Bore 


20 20 20 


O05 
oOlo 
50 
O-LO 
ee 
O50 
1-0 
Pensile strenyt! 
Elongation on 


Reduction of area 





at gauge mark 


the bore position. These analyses substantially agree 
with the cast analysis made during manufacture 
except that the molybdenum contents are slightly 
lowe! 


MECHANICAL PROPERTIES 
Tensile properties 


The results of tensile tests made at various tempera 


tures on test-pieces with gauge lengths 2 in 


long and 
0-357 in. dia. cut from various positions of the rotor 
are shown for the air-cooled and tempered and the oil 
quenched and tempered conditions in Tables LV and 
\ respectively. 

Table 1V shows that in the air-cooled and tempered 
condition the properties of the bore positions at 20°C 
than for the The 
obtained for the mid-radius position of dise A are only 
slightly above those for the bore position of disc ¢ 


ire somewhat lower rim values 


suggesting that the superior tensile properties are 
confined to the vicinity of the rim only, a conclusion 
consistent with the hardness distribution (Figs.3 and 
4). It will be noted that these tensile test results are, 
in general, somewhat lower than the values specified 
for acceptance tests (cf. Tables Il and IV) 

In the oil quenched and tempered condition of 
disc ( there is an even greater difference between the 
rim and the bore positions (Table V) than in the air- 
cooled and tempered condition, This is consistent with 
the greater difference in hardness between the rim and 


TABLE V_ Results of tensile tests on the oil-hardened and 
tempered material 
Pests made 


mn tangential direct i 


> 
*“ mun 
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bore positions in the oil-quenched condition (Fig.4). It 
will be noted that the proof stresses for the rim posi- 
tion of the oil-quenched and tempered material are 
about 9 tons/in® higher than for the corresponding 
position of the air-cooled and tempered material, 
while for the bore position the superiority is about 
5 tons in®. [t seems that the superior tensile properties 
of the oil-quenched and tempered material are main- 
tained in tests at 550°C. (ef. Tables IV and V. Table LV 
shows that, at 20 C. the tensile properties of the bore 
of dise C' in the air-cooled and tempered condition are 
less than those for the mid-radius position of dise A. 
This relationship is assumed to remain true at 550°C). 


Notched-bar impact properties 

Impact tests on standard 10-mm square three-notch 
Izod test-pieces cut from various positions of the rotor 
were made at room temperature and the results are 
shown in Table VI. In both conditions of heat treat- 
ment the material has low Izod values and the frae- 
tures are mainly ‘crystalline’ in appearance. For the 
hore position the values are somewhat variable but are 
substantially higher than those for the rim position. 
The and tempering treatment has 
lowered the Izod values at the rim position, compared 


oil-quenching 


TABLE Vi Results of Izod tests at room temperature 


lest pieces cut with their length in tangential 


direction 


Standard 10-mim Sq three-notch test 


120 ft lb machine 
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uir-cooled material. This result may 


with the air-cooled and tempered condition, but has not 
tensile strength of the 


markedly affected the material in the bore position 
Izod tests were also carried out on air-cooled and 
tempered material after being aged for various times CREEP TEST RESULTS 
up to 40000 h at temperatures between 51Q) and 
650°C. The 5-mm square Izod test pieces for these The creep tests were made, in general, according to 
tests were taken from the mid-radius position of dise A B.S.1686 Long-Period, High Sensitivity Tensile Creep 
only. The results of these tests made at room tempera Testing. Most test-pieces had gauge lengths 5 in. long 
ture are plotted in Fig.5 where it can be seen that, and 0-564 in. dia, but for some the gauge lengths were 


higher than for the air-cooled material 


with ageing, there is no major change of Izod value 2 in. long and 0-357 in. dia 
and there is. therefore, no evidence of significant 
embrittlement Variation of properties throughout rotor 

The impact properties of the material in both con Tests were made at 5 tons in? and 565 ¢ 
ditions of heat-treatment have been determined over — the variation of creep resistance throughou 
a range of temperatures. Charpy test-pieces of l0-mm = Test-pieces were cut in tangential directi 
square cross-section and 55 mm long with a V-notch — positions in each of the dises A, B, and 
cut from the rim position of dise C, were used for these ease of dise C, after various heat 
tests. The results are shown in Fig.6 and each of the results are shown in Table VIL wher 
plotted values is the average result of three tests. The that for the air-cooled and tempered material 
diagram indicates that the transition from brittle to differences in the time to reach 0-1°, strain | 
ductile fracture for the oil quene hed material occurred the test preces taken from 


at a temperature about 60 C higher than that for the rotor can be attributed to the nor 


TABLE Vil Tests at 5 tons in* and 565 C to show variation of creep properties throughout rotor 


ide in tangential direetior 
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7 Tempe rature/loq time diagram for strains and 


specrfu 


rupture at 3 tons/in®. Air-cooled and tempered material 


encountered in creep testing. However, in the oil- 
quenched and tempered condition the material from 
the bore has a slightly higher creep strength than that 
from the rim. 


Design data for the material in the air-cooled and 

tempered condition 

In this section of the investigation creep tests were 
carried out on material in the air-cooled and tempered 
condition only, to establish data for use in the design 
of rotors, i.e. for low strains, 


_e ke 
‘ %, 3 


in general below 0-5°%, 
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8 Temperature, log time diagram for specific strains at 5 tons 


in®. Air-cooled and tempered material 
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9 Te mperature log time diagram for specific strains and rup 


ture at 7 tons/in®. Air-cooled and te mpered material 


In particular it was required to establish the tempera- 
tures likely to produce specific creep strains in LOQOOO 
h at a stress near to the probable working stress of the 
material. The main of tests was begun at 
3 tons/in® at temperatures in the range 538 — 650°C 
and the results are plotted on the temperature/log time 
diagram, Fig.7. This figure contains results of all the 
tests at 3 tons/in® on the air-cooled and tempered 
material including test-pieces cut tangentially from 
various positions between the bore and rim of the 
dises A and B, as well as three test-pieces cut radially 


series 


10 Log stress/time diagram for specified strains at 


cooled and te mpered material 
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All values are extrapolations 


11.0 Stress tem diagram for specific 


perature } 


100000 ho Ad led and tempered materia 

from the bore of dise A. The good reproducibility of 
results is indicative of the high degree of uniformity of 
the rotor under creep conditions 

Tests were also carried out at 5 and 7 tons in®. and 
temperature log time diagrams giving the results are 
shown in Figs.8 and 9. A few tests were made at 
various stresses at 615°C. These results are plotted in 
Fig.10 which shows that the line for 0-1 
reasonably well established. 

Extrapolation of the lines in Figs.7—10 
estimates to be made of the creep properties in times 
of 100000 h. These estimated values are plotted on a 
stress temperature diagram in Fig.11 


strain 


Is 


enables 


High strain and rupture characteristics 

Examination of the creep curves for the material in 
both the air-cooled and tempered, and oil-quenched 
and tempered conditions showed that tertiary creep 
commenced at low strains, mostly less than 0-2% 
which were not. apparently, related to either stress or 
temperature of test. Since the onset of tertiary creep is 
often an indication of imminent fracture some creep 
tests were continued to high strains and to fracture. 
The closeness of iso-strain lines for high strains on log 
stress log time and temperature /log time diagrams 
gives an indication of the rate of increase of tertiary 
TABLE Vili Results of rupture tests 


Tests made in tangential direction ¢ xcept whe 


« 
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' , ay rE tempered 
\ R\. is) ‘Sy 
\ ¢ \ 
+ Ms “\ 
and tempered 4 * \ 


\ 
x 


RK 


| quenched 


which exists for 
designs based on low creep strains. Moreover, the high 


creep, and the margin of safety 


strain data facilitates the extrapolation of the lower 
strain data (which are of more direct use for design 
purposes) since the iso-strain lines are about parallel 

The high strain data obtained have been included in 
Figs.7-10. In Fig.7 it will be noted that, for 100000 h 
at a design stress of 3 tons/in?, the temperature to pro 
duce 0°3°,, strain is estimated at about 560°C and for 
1°. strain at about 570°C, so that a design based on a 
maximum extension of 0-3° 
temperature control. 

The results of the tests which continued to rupture 
are shown in Table VIII. The low elongations obtained 
with the oil-quenched and tempered material seem less 
likely to occur with the air-cooled and tempered 
material. It will be noted that for material 
in both conditions of heat-treatment, ruptures have not 
been obtained after sufficiently long times of test to 


“ would necessitate a close 


howev er 


stated otherwise 
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TABLE IX Comparison of the creep strengths at 530°C of the Mo—V power station rotor and admiralty Mo—V and 3°..Cr- 


Mo-V-W rotor steels 





Heat treatment 


Air cooled from 


950 C ane 


Oil quenched fron GTO ¢ 


Cree} 

LO00 h 
2-14 
0-122 


1 

O-o82 
O-108 
0-053 
O-oy4 


0-082 





reveal values of ductility such as 


observed by Glen® in a similar steel. 


minimum were 


COMPARISON BETWEEN AIR-COOLED AND 
TEMPERED AND OIL-QUENCHED AND TEMPERED 
MATERIALS 

Comparison of creep resistance between the material 
in the two main conditions of heat-treatment has been 
made at stresses of 3, 5, and 7 tons/in? at several 
temperatures. The results are shown in Fig.12 where 
the logarithm of the times to reach 0-1°, strain are 
plotted against temperature. It will be noted that, for 
the rim position, the superiority in creep resistance of 
the oil-quenc hed and tempered material observed at 
5 and 7 tons/in® does not exist at 3 tons/in®. 

Figure 12 also suggests that for the oil-quenched and 
tempered material the creep resistance of test-pieces 
from the bore position is slightly higher than for the 
rim. Table VILL shows, however, that the converse is 
true at 12 tons/in® and 530°C. In the air-cooled and 
tempered material it has been shown that there is no 
significant difference in creep resistance of test-pieces 
from these two positions. 

It will be noted in the comparison of creep resistance 
between the material in the two conditions of heat- 
treatment in Fig.12 that the air-cooled material was 
tempered at 680°C for a total time of 14 h whereas the 
oil-quenched material received only 8 h tempering at 
this temperature. the effect of this 
difference in tempering time two test-pieces in the oil 
quenched and tem pe red condition were given a further 
tempering at 680°C for 6 h and were tested at 5 tons 
in® at 565 C. The results of these tests are compared 
with those of the original oil-quenched and tempered 
condition of heat-treatment in Table VII: the addi 
tional tempering time has only slightly altered the 
time to reach 0-15 


To determine 


strain. 


COMPARISON WITH OTHER ROTOR STEELS 

Creep data on a large 4 ‘ Mo-}' iV rotor forging have 
been reported by Kirkby* 4 who presented his results 
as a stress log time diagram for specific creep strains 
at 538 C for times up to 30000 h. omparison of these 


results with those obtained on the present rotor sug- 
both conditions of heat-treatment the 
present material is somewhat inferior to that tested by 
Kirkby. The rotor tested by Kirkby® was 28 in. dia. 


gests that in 
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and was oil-quenched from 960 C and tempered at 
680-690°C for 13 h. Its composition and mechanical 
properties were as follows 


( Si Mn 8 P Ni Cr Mo 


es | 0-538 O-OL? 0-000 O-F3B6 


OBE 


Body end 


direction 


tangential 


Body end (radial direction) 48 a 21-6 60 


It will be noted that the size and heat-treatment is 
similar to that for the oil-quenched and tempered por 
tion of the present rotor. The chromium and molyb 
denum contents of Kirkby’s rotor, however, are 
slightly higher which may account for its higher creep 
and short-time tensile properties. 

\ few Mo—V forgings of substantial 
have also been reported by Kirkby and Sykes,® and 
Burton, Russell, and Walker,’ but these were carried 
out under testing conditions not directly comparable 
with the present tests. 
and Veitch’ have described the 
development of high-temperature steam turbines for 


tests on SIZe 


Cowlin post-wal 
naval use. One of the creep design requirements for 
HP rotor material specifications was that 0-1° 
strain should not be exceeded in 500 h at 


go creep 
12 tons in* 
and 530°C; conditions representing the maximum 
stressing of the rotor during full power in service. ‘Two 
of the steels considered for use as rotors were Mo—V, 
water-quenched and tempered, and 3°,Cr-Mo—-V-W, 
and some creep test results on several rotor forgings 
of these materials, at 12 tons/in® and 530 C have been 
made available by the steelmakers and the Admiralty. 
Although these test conditions are probably not repre- 
sentative of 
station 


conditions in’ large 
comparison of the data 
and the Admiralty with the 
similar tests on the present rotor is of some interest 


operating 
turbines, 


power- 
from the 
steelmakers results of 

Creep tests were, therefore, made at 12 tons/in® and 
530°C on test-pieces cut from dise € in both the air- 
cool d and tempered, and oil quenche d and tempered 
conditions. The results are reproduced in Table LX 
together with those for Admiralty rotor 
forgings. The test on the present rotor in the air-cooled 


several 


and tempered condition showed very rapid creep as 





eree] 


better 


ribiatl 


Relaxation tests 
wo relaxation 
tempered mater 
Herbert and Arn 


relaxatior 


might be expected in view of the relatively low proot 


and tensile stresses of this material « Ompared with that 
the oil-quenched and tempered condition (ef 
IV and \ Test p! ces from the rim and bor for oil-quenched a 
positions of the rotor in the oil-quenched and tempered ties oo tee dita Sekeh dl tie 


lv higher cree p resistance a : , 


condition showed substantia MARR AE 


but this was still not quite as good as that reported by 
the steelmakers on the wate quenched and tempered - | vaigitnanes 
Mo-V Admiralty rotor. Undoubtedly the smaller ay eae % +1 


robably 
diameter of the Admiralty rotor and the water ' 

. . with the I r proof stre s of the 
que nching treatment enables more drastic quenching ; 


to be carried out than in the case of the prese nt oil METALLURGICAL EXAMINATION OF THE 


quenched rotor, The improvement of the proof stresses — ROTOR FORGING 
ly aras ench y ould be pected to rest It It 

y drastic quenching would expected resu ' Microstructure 

Dises A and B hac alr-COO ind tempered 


ferrite are 


improved creep resistance at high stresses and low 
] 


temperatures but the results of the present tests 
suggest that improved creep resistance obtained in this 
way may not exist at low stresses. 

It will be noted from Table LX that for rotors in the 
quenched and tempered condition the Mo-V_ and 
3°. Cr-Mo-V-W steels have similar creep resistances 
The composition and mechanical properties of the 
3°.Cr-Mo-V_-W steel rotors for which data were 


supplied by the Admiralty are as follows 


l4da-d 
spheroidiz 
was preset 
bore positi 
sion is shown 1 
\ number of creep test-pieces have been exa 
fly from the mid-radius and bore po 
dis 1. and from the bore position of disc B 
{ 


> 


rom the bore position of dise B which ha 


tested in creep for 9110 h at 5388 € with 0-08 


sion showed con plet spheroidization of the ear! 


2] 2 3 ‘ { 7 NS prlece 


the pearlite grains ind precipitation of « irbice 
ferrite grains (Fig. 16/ Creep test-pieces of 
and (' were examined after testing in the temper 
range 530-650 C and the change in structure 


illustrated in Figs.16b-d and l7a-d. The te 
13-0-18-0 which fractured at 530 C in 2663 h showed cor 
as , ongation of grains in the region of fracture 
Table LX also shows that there is no consistent 


ditte rence 1n creep resistance het wee n test-preces trom 


rvstallization was also proceeding in these hi 
7 deformed areas. Holes were present (Fig.l6a 
the rim and bore positions of the rotors, were mainly at grain boundari ih. tt 
within the grains. In the tests at higher temperature 
COMPARISON WITH OTHER MO V STEELS 7 . 

for example those at 500° and 615 C. reervsta rat 
Creep and rupture tests of the ferrite was marked and widened grain } nedlos 


l 


Fairly extensive creep data on Mo-V steel intwoother ies were present in the test-piec ster HHO 
forms have already been reported by Smith. Jenkin Fig.17a-d). In all test-pieces the orig 
son, Armstrong, and Day.” Both steels were nominally ferrite grains altered considerably durir 

4° Mo, }°%V but differed, in detail, in analysis and and precipitation of additional 

heat-treatment from the rotor steel discussed in this — ticulag 


vaper; one was in the form of a steam-pipe and the higher temperatures 
pa} py | 
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Portions of dise C were examined before test in the 
air-cooled and tempered, oil-quenched and tempered, 
and also in the oil-quenched and tempered condition 
with additional tempering. The structures at the rim 
and bore positions are illustrated for the three heat- 
treatments in Figs. 14c—d and L5a-d. The air-cooled and 
tempered samples of disc C showed similar structures 


at the rim and bore positions consisting of lamellar 


pearlite areas with ferritic areas containing a precipi- 
tated carbide. These structures contained more 
lamellar pearlite than was found in dises A and B. The 
oil-quenched and tempered samples of dise C showed 
bainitic and ferritic areas with some precipitated car- 
bide in the ferritic areas. The bainite in the bore posi- 
tion appeared less well resolved than the bainite 
occurring in the rim. The effect of tempering for a 
further period of 6 h at 680 C produced greater 
spheroidization in all positions. 

A creep test-piece in the oil-quenched and tempered 
condition showed, after 7386 h at 565 C, well resolved 


position of dise C. Carbides 


14 ist ae 


and ¢ 


ooled and tempered 
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carbide in the bainitic areas, and a fine precipitated 
carbide in the ferrite grains (Fig.18a). No cracking was 
observed in this test-piece; the final creep strain being 
0-20°,. Two other samples of the oil-quenched and 
tempered material of disc C after creep tests at 615°C 
were examined; one at the bore position and one at the 
rim. In these examples the bainitic areas had nearly 
disappeared and spheroidized carbides were found in 
the ferrite grains (Figs.18b and c). The test-piece 
fractured at 615°C contained intercrystalline cracks at 
the test length and oxide penetration had taken place 
along grain boundaries. A further test-piece, which 
ruptured after 7416 h at 625 C had structures similar 
to those shown in the test-pieces ruptured at 615°C 
(Fig.18d). 


X-ray examination of residues 
X-ray examinations were made of residues extracted 
from the specimens by solution of the samples in an 
solution of iodine. Details are 


alcoholic given iD 


d Kim position o 


; ) 
amens etched ina solution of 4 
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TABLE X_ Results of X-ray examination of residues extracted from rotor specimens of steel UBF (no.152 





Position Condition, ¢« reep test re sults conte , arbides identifi 





Air-cooled and tempered 

Rim of dise A Before test 

Aim of dise A Before tes 

Rim of dise C Before test 

Bore of dise A Before test 

Bore of dise ¢ Before test 

Bore of disc B 538 C, 3 tons/in®, 19106 h ¢ 
Bore of dise A 575°C, 3 tons/in®, 10242 h 
Bore of dise A (radial) 600°C, 3 tons/in®, 12705 h 
Mid-radius of dise 4A 615°C, 5 tons/in®, 
Mid-radius of dise A 615°C, 4 tons/in®, ? 
Mid-radius of dise A 650°C, 5 tons/in®, : 
Oil-que nehed and tempered 

Aim of dise C Before test 

Bore of dise C Before test 

Lim of dise C As above +6 h 680° ( 

Bore of dise (© As above 6h GSO ¢ 

2 in. dia. bar forged 

from rotor shaft Before t 

2 in. dia. bar forged from 

rotor shaft, Izod blank 22578 h, 525 unstressed 
2 in. dia. bar forged from 

rotor shaft, stressed 

testpiece 22578 h, 525 C, stressed 


if Unbroken 


Pe 





Rim of disc oil quenched and tempered). Carbide ‘ 
500 
position dis oil quenche and tempered 4.6 h 


Carbides Fe,( Vf , trace BRO ( ( 


(cr) Rim of dise C (oil quenched and tempered 64 / tore 
arbides xo . 1500 


Disc C (oil quen hed and tempered material 1// ¢ s etched ina solution of 4°, acid in alcohol 
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TABLE Xi 


Mo content of steel 0-52 0-60 
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Chemical analyses for Mo in extracted residues from rotor specimens of steel UBF (no.152) 





red 


pe 
h, 538 ¢ 


st (air cooled and ten 
mwoled and tempered: 19 106 
ition 
oled and temipe 


nil quenched 


racial) Air ec 
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As above 


As above 6h GSO ¢ 


6 h GSU ¢ 


rec zi h, 600 C3 tons 


Mo 

conte 
u 

O56 


0-52 


Od 
OO 
o-oo 





Table X. A few chemical analyses for molybdenum 
were made in certain samples and the results are 
reported in Table XL. The carbides identified are given 
in Table X 

In the air-cooled and tempered condition, the dise A 
at the rim and bore positions contained the carbides 


’ eke oa 
} ea *\ *e 
a \ 


_ - 


Close to fracture. Rim « p test 530 ¢ 
2663 h EL. 10 on 2 in 


Dise 4. Creep test 565 © 3 tons/in® 40206 h (1 


d and te mpered mat 


16 iscs A, B, 
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Fe,C and Vy During creep tests at 530-650 C 
dises A, B, and () the carbide Fe,C decreased in 
quantity and V,C, became the prominent carbide; 
with long times of testing small proportions of Mo,C 
were detected. These results can be compared with 


those obtained for the 4 in. dia. forged bolt steel pre 


e positions. Dise B, 
El. Carbides 
Dis 


OOS 


jore position 
( Olt 


mens etched in a solut 


00 
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pared from the rotor shaft also given in the table. For 
the bolt steel, Fe,C was the dominant carbide although 
the quantity of V,C, increased with time of testing 

Samples of dise C in the oil-quenched and tempered 
condition, and also after additional tempering for 6 h 
at 680°C, were examined, and showed Fe,C as the main 
carbide: in the samples which had received the extra 
tempering small proportions of V,C, were also present. 

The analyses for molybdenum in the residues show 
that there was a considerable increase in the molyb- 
denum content during creep testing; for example 
exposure to 538 C in 19106 h. increased the molyb 
denum content of the residue from 0-19 to 0-33°,, and 
by difference the content of the matrix decreased from 
0-37 to O-19°,. Similarly during creep testing at 
600°C for 12705 h the molybdenum content of the 
residual rose from 0-19 to 0-30°,. the content of the 
matrix fell from 0-37 to 0-22°, 
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In the oil-quenched and tempered samples the molyb- 
denum contents of the residue and matrix were similar 
to those for the air-cooled and tempered 
the from the oil quene hed and te mip red 
samples which received additional tempering at 680 ( 
contained an increased proportion of molybdenum, 


samples but 
residues 


CONCLUSIONS 
It has been shown that for designs based on a maxi 
mum creep strain of between O-] and 0-3°,, ina service 
life of LOOOO0O h at 3 tons in? the rotor in the 

and tempered condition would operate 
ture of about 550 C. Slight 

temperature above this value 


ill cooled 
ita te mpera- 
increases In operating 
would rapidly cause 
greater creep strains STO, I 
occur in LOOOOOD bh 


The slight 


e.g. at creep would 


superiority of the rotor in the oil 


quenched and tempere d condition compare d with the 


test 


1500 
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h (U), 
1500 


» fracture reep test 615°C, 5 tons/in? 


1500 


tenched and temp red material) 


air-cooled and tempered condition, may not be main- 
tained at 550°C throughout the service life of such a 
roto! 

The limited data available for the 3°,,Cr-Mo—-V—W 
rotor steel suggest that this material has similar creep 
resistance to the Mo—V rotor steel when both are in the 
quenched and tempered condition. 
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The electrolytic production of sulphur-free iron 


W. T. L. Neal, M.A., J. F. Duke, B.A., and H. R. Sullivan 


mcentrations of 
oxygen, and 
sulphur on the physical and mechanical properties of 
pure iron is well known, and has led to many attempts 
to reduce the concentrations ot these ( lemme hts to the 
lowest possible level. 

Workers in the Metallurgy Division of the National 
Physical have 
success in this direction using pyrometallurgical tech 


THE EFFECT of small ce 


non-metallic elements 


PRONOUNCED 


such as carbon 


Laboratory achieved considerable 


niques. A typical sequence of operations on the 25 
scale has been described by Hopkins! which results 
a material of 
centrations fall in the 


which the non-metallic impurity co 


ranves shown Ly low 


0-002 0-006 ~ 


O-O005-0-00] N: 


O-OOT-O-002 P O-OOT-0-004 ( 


OOOO) OF OOO 4) OOOO H 


As a result of these operations it became 
that it was not practicable to 
tent further by variations of the 
alternative method sought whereby the 
concentration could be reduced to less than O-Q005° 


ipparent 
lower the sulphur con 
process ind he nee an 
Was . phur 

Moore? has discussed various methods available for 
the purification of iron. The method selected must, of 
course, depend upon the elements to be removed. and 
its applicability to the scale of production required 
At the US Bureau of Standards, Moore has used a 
method based on the ether extraction of ferric chloride 
from an aqueous solution. While such a procedure is 
potentially capable ot produc Ing 
difficulties, hazards, and tedium involved in the pro 
duction of 100 ke of iron a week by this method 
do not attractive. Many of the other 
processes discussed by Moore in his paper suffer simi 


sulphur-free iron, the 


Say 
make it very 
larly from the drawback of inconvenience and cost 
when expanded to the scale of production projected in 
this laboratory. The only process thought likely to be 
practicable was an electrolytic one this paper 
outlines the development of an electrolytic method? 
whereby iron with a sulphur content of less than 
0-0005°,, has been Details of the main 
requirements of the equipment necessary to produce 
10 kg of iron a week are given. 


and 


obtained. 


PRELIMINARY WORK 


After a little exploratory work, a cell was set up in a 
rectangular glass tank to the following specifications 
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The the National Phy 
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SYNOPSIS 
1 patented 


ee cribed 


sulp ,ppmisd 
’ , ? 
separating a Me) On hi ; / al “dt ws capatl 


ducing S00-600 


i p ilternately 
scillating the anodes. In 


total of 5 | ot 


] 

ged 

and the cell stirre 
a typical mode 


dissolved 


cathode < 
during the 


run a iron Was 


ind 6-3 kg ot on the 
The cathodes removed at intervals 
deposition and the sulphur content of the 
determined with the results sh 


iron firmly deposited 


were 
deposited iron wn 


bye how 


The ontained 0-013 and it 
was thought reasonable that the value of 
for the content of the 


deposited iron is the equilibrium value with the par 


anode iron « , of sulphur 
to SUpPpPose 


-O035 electro 


sulphur 
ticular anode material used, some of the sulphur in the 
anode iron being transferred to the cathode 

Conse quently it was necessary to devise a method 
from the electrolyts and the 


following ways of achieving this were contemplated 


to remove sulphur 


i) chemical precipitation of the sulphur, coupled 
with filtration or centrifugation 
ii) removal of sulphur on ion-exchange columns 
ili) use of a two-compartment cell fitted with a dia 
phragm which would hinder the diffusion of 
sulphur-containing particles or ions towards 
the cathode. 
Method (i) was discarded on the ground that sulphur 
was probably present in a variety of ionic forms, and 
that the precipitation and separation of such trace 
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amounts on a continuous basis would be very difficult, 
if not impossible. Likewise, method (ii) had to be dis 
counted since the removal of traces of ions 
sulphide or sulphate, at vanishingly low concentra- 
tions by ion-exchangers is very inefficient in the pres 


such as 


ence of a pre ponderance of chloride ions 

On consideration of method (iii), the use of an inert 
diaphragm with a pore size sufficiently small to prevent 
transfer of sulphur-containing ions from anolyte to 
rapid bulk transfer of 
electrolyte. Consequently, under the influence of the 
field 
through the diaphragm into the anolyte compartment 
while the ferrous ion concentration would quickly 
as the iron plated out on the cathodes. The 
catholyte conductivity would drop and eventually all 
ele trolytic action cease. This state of affairs, however 


catholyte would also limit 


electri the catholyte would lose chloride ions 


decrease 


could be prevented if the diaphragm consisted of a 
Such a membrane 
) to travel readily from 
anolyte to catholyte, but should prevent the transfer 
of chloride ions (Cl) from catholyte to anolyte, and 
simultaneously prevent the passage of sulphide (S~~) 
and sulphate ) ions in either direction, In prac 
tice 100°. etherent 
and imperfections do allow slight transfer of anions 
Nevertheless, 
plate ad iltthough the voltage drop ar ross the membrane 
issist the transfer of anions (C1 
catholyte to anolyte, it 
their transfer in the opposite direction, thus prevent 


cation exchange resin membrane 
would allow ferrous ions (Fe 


s 
SO, 


however, such a membrane is not 


across it under the conditions contem 


would in particular) 


from should eftectively bar 
ing contamination of the catholyte with sulphur con 
taining ions originating from the anode material 


Experiments with cation exchange resin membrane 
Some preliminary work using cells divided by mem 
ly at id 
cation exchange membrane supplied by Permutit Ltd 
since superseded) gave the following evidence 


branes of Permaplex C-10 (a commercial strong 


i) water is transported through the membrane in 
the and that 
according to the particular batch of mem 


conjunction with ferrous 1ons 


brane used, S-20 molecules of water com 
panied each ferrous ion 

some chloride ions penetrate the membrane in 
the direction catholyte-anolyte, the quantity 
varying from membrane to membrane 

no detectable transfer of sulphate ions occurred 
from anolyte compartment to « itholyte 


when the anolyte was heavily loaded 


even 
with 
sulph ite 1OnS 


lead to 
concentration and an 


Both process (i) and (ii) a reduction in the 
total catholyte in the 
anolyte concentrations, and, in order to counter these 
effects, hydrochloric acid be added to the 
catholyte at the same rate as chloride migrate 
through the membrane added to 
the anolyte to make up that lost by transfer to the 


Increase 


must 
1OnS 


while water must be 


other compartment with the ferrous ions. The tenden 
ev for the concentration of the anolyte to increase may 
the 
chloride ions or by continuous dilution of the 
with 


be countered either by removal of the excess 
inolyte 
the excess solution to run to 
Unfortunately the 
method does not seem capable of a practical eco 


although it 


water, allowing 


waste via an overflow former 


nomic solution could be achieved by 
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electro-ditfusing the chloride ions through an anion 
exchange resin membrane to be discharged at a carbon 
or iridium secondary anode. The simpler solution is to 
increase the rate of addition of water to the anolyte to 
include that required for the maintenance of its con- 
centration at a constant value, as already suggested, 
and allowing the excess ferrous chloride to run to 
waste, 

Considerable trouble was also encountered in the 
early stages of the investigation due to ‘treeing’, or the 
growth of dendrites. If this was not checked at an 
early stage, ‘trees’ grew through the membrane to the 
anode, short circuited the cell, and ruined the mem 
brane 

Various hypotheses have been proposed for the 
formation of these ‘trees’, but a sufficient reason in the 
present case seems to be the development of con- 
the system cathode catholyte. 
These have the effect that the deposition of iron occurs 
more rapidly in higher concentration. 
Since higher concentrations tend to occur at the 
bottom of the cell, due to the higher density of more 
concentrated treeing is particularly 
nounced at the bottom edges of cathodes 
high current densities are 
the solution in contact with the elec trolyte is less than 
that in the bulk of the solution, so that any excres- 
cence or edge tends to find itself in solutions of higher 
Thus 


electrodes in 


centration cells in 


solutions ot 


solutions pro 
Also, Ww hen 


used, the concentration of 


concentration than a plane surface. there 
plane 


quately mixed solutions to grow trees at their edges 


Is a 


tendency for stationary inade 
and also at 


mentally 


anv excrescence, as is observed experi 
Furthermore, deposition 
along surfaces in contact with the cathode, such as the 


ofa hydrogen bubble attached to the electrode 


tends to occur 
surtace 
thus 


surtace 


generating excrescences on an initially plane 


Concentration cell effects can. of course. be cured by 
the addition of complexing reagents such as cyanide, 
oxalate, or tartrate, to reduce the 
centration throughout the entire solution to a constant 
and this 


surface of the cathode by gradual dissociation of the 


ferrous ton con 


low value maintain concentration at the 
complex. These effects can also be countered by vigor- 
To minimize the risk of 


was favoured in the present 


ously stirring the solution 


contamination, stirring 
ase 

To avoid the effects caused by contact of hvdre gen 
bubbles with the 
sweep these away as they formed. The simplest way of 
achieving this was to move the cathodes relative to the 


cathode surface, it was necessary to 


solution 
found most suitable 


and rotation of rod shaped cathodes was 


Pilot scale production 
The investigations described above justified further 
seale. This was carried out in a cell 
a 2-V accumulator case split 
with a ¢ 
between perforated perspex sheets, clamped between 
these two halves to make a two-compartment cell 
The anode compartment was Il em x3 17 cm 
while the cathode compartment was Ill em 
17 cm deep, with an exposed area of the ion 
exchange resin membrane of 69 em*. The electrolyte 
concentration was maintained at 80-100 g Fe.}/in each 


compartment and at pH =2, while the whole cell was 


work on a pilot 
constructed from 
into two halves, 


glass 
10 membrane, sandwiched 


em 


deep, 


ore CM 





Prototype cell 
The g 


immersed mn a tank ! 
temperature between 3 36 Ihe A 
stirred vigorously by an immersed 


centrifugal pump 
ind it contained two 1-25-cm dia. rods of pure iron as 


cathodes SO em long (immersed length) rotated 


' ) ! mpartine 
about 200 rev min ny x he gsi 
The equipment is shown lay nn ! Iv } i sD) rted y pertorated pet 
Considering first the ano 2 ing th . iy mpartments 
solution (Vv \ was added at t | 
make up the wate! lost 


membrane, and to maimtain 


centration at a constant vi 
chloride solution per day 
10° HCI solution 


il 


arate of about O-6 1. day xeess Water introduced 


| OAM MMOITD 
into the Ivte through the membrane and fron 


the hvdrochloric acid feed w 


eTteaL ty \\ 


as removed by circulati 
the catholyte through a 200-W electric 
distilled off about 1 1. of w: r day. The boiler ulat \ ially designed perspex 
controlled by a constant it i 


boiler which 


compartment sO) that the t t! itholyvte 


maintained at a constant valu 

This cell Was run for 167 Dh with a current of » 
at 5 V. The deposit was stripped every 24 h. and had 
the sulphur contents shown in the table below 


controlles 
ompartment 


ler IS necess 


O-OLE 


of ferrous chlor 


suppl ‘ 
compartment 


tirred | 
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at & 9 V, 70-85 A, and with the cathodes rotated at APPENDIX 
100 rev/min, a fairly smooth, brittle deposit built up, ; 
giving a yield of 550-650 g of iron during a run of 7 h. Analytical method for sulphur 

Under these conditions it was necessary to supply Principle 
about 370 ml of 10°,HCI/h to the catholyte, and  “ l#'ge weight of sample is dissolved in a strongly oxidizing 
220 ml of 2°, HCI/h to each of the anolyte compart solution to convert the sulphur compounds to sulphate. The 
ments. The maximum cell temperature reached was 
below 30 C 


bulk of the iron is removed by a diethvl ether extract 
and the sulphur precipitated and determined as 
sulphate 

The cathode pins are fabricated from copper rod and — Special reagents 
to facilitate the removal of the deposited iron a layer Hydrochloru gr. 1-10 Dilute 1-5] 
ot lead 0-25 mm thick, is first electroplated on to the acid Sp. gr to 2-41. with water 
copper. It was at first envisaged that the electrodes Bar im chioride von w/v) Dissolve 100 g « 
would be heated to 400°C, whereupon the lead sheath = — . ee y‘ sna chess id solution 2" % 
would melt and the outer iron deposit drop off. How Hf baagre'en a +" “ a Pat : ee - ee ose 
ever, it was found that the iron deposit was brittle.” catch in "a Petsat ai. a 
enough to be knocked off the electrodes by smartly 
tapping with a light hammer. Residual lead is removed 
by pickling in a 75°, hydrogen peroxide (20. vol.) i sa 
and add 


should be carried out in a clean, sulphur-free 


~O ° ».-5 9 of sample t 
25°, glacial acetic acid mixture ‘ t ump! 
y t t vey Try} 
g Of potassium bror 


K-YZLASSEeCS Add to each beaker 40 n 


4?) and then 60 ml of hwdrochlorix 


During the course of operations a more robust 2 

membrane material became available (Permaplex 

(20), but with similar ion-exchange properties, and it nents of 5 mi to 10 mi, swirling the 

was this material that was used for the bulk of the — each addition 

operations To date over 10 kg of iron have been Digest until solution is complete. Remove the cl 

deposited and analy ses of typical 500 g batches are and wash both them and the sides of the beakers c: 

given in the table below, together with analysis of the Evape the solutions to dryness and bake the residu 

anode iron otpl: to all utrie acid Add 75 mi of | 
The analyses indicate that the sulphur content of nr paclags 

the deposited iron smoothly decreased as the catholyte 

became ‘cleaned up’ and soon fell to a value below the 


i thick ruy 
i 


Pranster th ( ts ul aker to Indiv 


dual yi y 


rtwice with 25 ml of bvdroc 


separating fire t t ( vdrochlorie a 
limit of detection of the analytical method used 1-10) and rinse each beake 
which is described in the appendix. acid (sp. gr. 1-10) adding the rinsings to the main s 


Add 200 ml of diethyl ether to each funnel and shake for : 
O memb " 2 ( . , 
(‘10 membrane Batch extract the iron. Cool the separating funnels under 
S . , 
ning tap during the tion and release 
-O022 O-0006 periodically 
2 1 1 ’ 1 t ' ? 
O-O0O1L8 0-0005 Run the aqueous phases 1 separate 
r heat on a steam-bath to remove tk ic 
O-OO138 2 < 10-0005 eat On & SUE , 7 e re 
»}a syrup on a hot plate and then con 
O- O00 4 COSG 
in a single separating funnel. Use 
nm . ) OOS : . 
Anode iron 0-0095 sp. gr. 1-10) to effect this transfer. Extract : 
200 mil of diethyl ether s before, transter 
ff the residual 


Take up the idue with L001 

From the analytical results the sulphur content of the chloric acid (10%) v/v) and filter 
deposited iron has been very much reduced below that Add 10 ml of barium chloride 
of the starting material. The content of other non or, ae Sag 
metallic impurities is similarly reduced, a typical 
analysis showing phosphorus reduced from 0-003°,, to 
O-OOO4° | and silicon from 0 OOS°, to 0-0038° 

That this method could be extended to the elimina 
tion of metallic impurities is not unreasonable, since 


many metallic ions can be converted to anions by the 


action of complexing agents, particularly organi 


reagents of the complexone’ ty pe. 


deducted from the 
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Factors influencing the adherence 


of oxides on metals 


R. F. Tylecote 


INTRODUCTION 


A REVIEW of the literature! indicated that more infor 
mation was required on the mechanical properties of 
the oxides at elevated temperatures, particularly theit 
capacity for deformation; the relative eX pansion coethi 
cients of metal and oxide, and the effect of the 
pressive stresses in the base of the oxide film 


com 


Before these points were investigated in detail, a 
general investigation of the adherence of oxides on 
various metals was made to determine the difference in 
behaviour. 

Except where stated, all tests were carried out by 
the insertion of 
statically conti 


a specimen into a hot furnace thermo- 
lled at the temperature of the experi- 
ment. The furnace was mounted vertically, the speci 

mens being hung on the end of a platinum/platinum 

rhodium thermocouple; air being admitted by convec- 
tion and oxygen, when used, being passed through at 
the rate of 20 l/h. After oxidation, the specimens were 
withdrawn from the furnace and allowed to cool in still 
air at room temperature. 


ADHERENCE OF FILMS 

Nickel 

The composition of the high purity nickel strip used is 
given in column A, Table I 
and 900°C, resulted in completely adherent films, even 


Oxidation between 860 


when the oxidized metal was bent after oxidation. 
Oxidation between and 1420°C, produced 
thicker films which also completely adherent 
Bending after oxidation resulted in cracking of these 
tilms, but the the 
adherent in spite of this treatment 


G0 
were 
oxide on tension side remained 

It appears that nickel oxide films on this grade of 
nickel are adherent on cooling after oxidation at all 
temperatures. This leads to the conclusion that there 
is something peculiar to the oxidation of nickel which 
results in such marked adherence 
fracturing of the oxide after 
strates its extreme 
the interface (see Fig.1b) shows a rough interface with 
yrain-boundary penetration of oxide, which is much 
more marked than on other metals of similar purity. 
This that the intergranular penetration 
causes ‘keying-on’ of the scale. although pure coppet 
Fig.1c) shows a completely smooth interface with no 
grain-boundary penetration, and film 


Figure la shows the 
bending, and demon- 
adherence. Closer examination of 


suggests 


vives good 
Manuscript received 6 July 1960 
Departm I 


of Durham, News 


The author is at the King’s 


College, U1 


5 000 lb/in? 


SYNOPSIS 
An attempt has been made to explain the difference in the 


, } 
adhe rence of oxide films on wo} nu kel 


and 


chromium 


cobalt by differences n the physical properties of the 
films The ultimate tensile strength « 


NiO. xb ‘0. 


te mn pe ratures 


f thin specimens of 
and wiistite have been measured at elevated 
The stre ngth of NiO was found to reach a 
at 900°C and that of « Fe ). 
at 1100°C. The UTS of wiistite was 
lower tha the orides lt WIS NE nit re to 
eep effects were observed. In 7 
measurable elongation attained 

Te velative s 


were compared, The 


maximum of 9 SOU lh, m- 


wie h 


other loading 


rate. and cy 0 case was a 


bal 


, 
rpansvon CON ffi wnts of metal and oxide 


negligible diffe rence MCUTTING tH the 


ft neu kel and nu kel 


COS 


oxide WAS thought lo ¢ rplain the 
eatre mely good adhe rence of films On htt kel alter cooling 
or 


to room te mperature. 1827 


adherence. This is probably because of the 
plasticity of its oxide at high temperatures.” 


extreme 


Cobait 


The purity of the cobalt metal available was not high 
rbout GY-O)' Table | 


fracture occurring 


excluding oxygen, see column 
D) and adherence was 
during cooling through a laver of fine-grained oxide 
near the interface (Fig.2). This area probably contains 
oxides of the impurity elements, and if so good adhet 
ence could not be expected under such conditions, The 


Lillo ¢ 


very poor 


temperature range investigated was 500 


Chromium 


Electrolytic chromium 
ur at 735-1175°C 


trom hetween 735 
after oxidation at 900°C for 


99-9" Cr) was oxidized in 
No spalling occurred on cooling 
and 880°C. But spalling did occur 
IS h ifter 
shorter times at higher temperatures. A photomicro 
graph of the scale formed on chromium after 18-5 h at 
890°C (Fig.3) a thin adherent 


consumption zone showing 


and generally 


shows blistered scale 


with a metal intense 


porosity. It would appear that the scale on chromium 
has a high inherent strength, and that thin films 


well. Thick scales, 


adhere 
contact due to the 
enormously reduced area of metal at the base of the 
film 

The result of this test leaves little doubt that the 
oxidation of chromium occurs by the outward move 
ment of chromium ions 


howeve i. lose 
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TABLE | Composition of metals investigated 








iron 

Oxidation of iron containing O-15°, Mn (for composi- 
tion see Table I, column 2) failed to give adherent 
films in either air or oxygen in the range 500-1 200 ¢ 


Although obvious spalling of scale did not oecur on 


cooling in all cases, subsequent microexamination 
always showed igap between the scale and the metal. 
Smooth interfaces were obtained with no grain- 
boundary penetration 

Microexamination revealed extremely variable 
imounts of the three oxides. showing that blistering 
was taking place during oxidation, very often causing 
the comple te loss of contact of the scale on one side of 
the pecimen 

The use of Remeo iron containing O-02° Mn, 
4 and O-005° )S, caused an apparent improve 
ment. but microexamination again revealed 

the metal and seal Krom the evider 


+ 


Mposition it Lpopo ired that m this case the yap 
only formed upon cooling, and resulted from differen 
tial contraction 

The precautions suggested by Paidassi® such as 
electropolishing and heating-up to oxidation tempera- 
ture in an inert atmosphere, produced little improve- 
ment in the degree of adherence 

It was only upon the use of Johnson Matthe, 
Specpure’ iron (Table 1, column ©) that a great im 
provement wa noted, and adherent tilms could be 
obtained upon iron in the range 600-1000 C. Little 
difference in adherence was noted between heating up 
the specimens in an inert atmosphere and introducing 
them directly into a hot furnace containing air. Some 
difference in adherence was found as between abrasive 
micropolished, rolled ind electropolished surfaces buat 
the main conclusion with respect to iron is that purity 

the most important factor in obtaining adherent 
dts 

Peters and Engell? have shown that impurities 


which form oxides with higher free energies ot forma 
than iron itself tend, as would be expected, to 

the adherence of scale on iron. In this re spect 

Si and +] Al produced a considerable 

in adherence, but the effect of O-15 Mn was 

irked. In tact. the manganese content had to 


dto 063°. before a reduction in adherence 
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STRENGTH OF METAL OXIDES AT ELEVATED 
TEMPERATURES 


Nickel oxide 


Probapyy 


eley ed temperatt 





Tylecote Adherence of oxides on metals 


gspecemens used for tron strip 


The breaking stresses are very much higher than 
those obtained with copper (Fig.4). The decrease with 
lowered temperature is no doubt connected with the 
increased brittleness of oxides at low temperatures. 


fron oxides 


Wires dia., made from commercial iron and 
‘Specpure’ iron were oxidized at 1L050°C in air, and 
tested over a range of temperatures. The specimens 
from ‘Specpure’ material were all found to be non- 
magnetic and single-phase, and by X-ray diffraction 
analysis were proved to be pure «-Fe,0,. Specimens 
made from the commercial material were mainly 
Fe,O,, but all were slightly magnetic and contained 
some Fe,O,, and a trace of FeO. 

Metallographic examination showed that the wires 
had not oxidized concentrically. Oxidation of pieces of 
sheet showed how this had occurred. After a certain 


O-O3L in 


time the growing oxides break away from the metal on 
one side, producing a cavity. As a result the oxidation 
rate is reduced on this side and the oxide formed con- 
verted to Fe,O,. Growth continues on the other side 
until all the metal has been consumed. This effect has 
recently been reported by Engell and Wever.® 

In the case of the single-phase specimens from 
Specpure’ iron, there was the usual dense outer layer, 
and a porous inner layer on the side which had been in 
contact with the metal to the last. Calculations based 
on a specific gravity of 5-24 for Fe,O, showed that the 
porosity of the oxide derived from ‘Specpure’ iron was 
38°, and from the impure 25°,. In the results, which 
are given in Fig.5, allowance has been made for this 
porosity and the values for ultimate tensile strength 
relate to the true areas of oxide. The elongation in all 
cases was negligible. 


The apparent reduction in strength of the pure 
hematite in the lower range of temperatures is prob 
ably connected with the extreme brittleness of this 
material. Even so, if it be a real effect, its strength at 
900°C is still appreciably greater than that of wiistite, 


shown below. The strength of the oxide made for the 
purity material shows little change with 

Its comparative weakness is probably 
due to the concentration of impurities in the grain 
boundaries 


commercial 
temperature 


A further series of experiments was carried out in 
an atmosphere of nitrogen saturated with water 
vapour at 90°C. In this atmosphere, wiistite is the 
stable phase, and oxidation rates are still sufficiently 
high to convert 0-005-in. thick iron sheet to oxide in 
25 min at LOOO'C, 

The specimens consisted of strips 0-4 in. wide 
reduced to a width of 0-25 in. in the centre. The iron 
strip was looped round nickel—chromium support 
wires (see Fig.6) and at first spot welded. Later, it was 
found that the spot welding was unnecessary as the 
two thicknesses bonded together when completely 
oxidized. 
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Effect of rate of loading on the strength of wistite formed from 
0:02°..Mn iron at 1000 °€ 


Initially the rate of loading was the same as with 
NiO and Fe,Q,, but later the effect of slow loading over 
periods up to 5 h was investigated, as it was apparent 
that the rate of loading was an important variable. 

The slow loading experiments were carried out using 
a lever-loading technique in which a weight was moved 
along a lever in slow Incremental loads of 
0-2 lb, amounting to about 60 lb/in®, were applied at 
intervals of 5 min. In many cases failure occurred as 
much as 3 min after the last increment had 
applied, suggesting viscous creep. Yet in no case was a 
measurable elongation obtained. 

igure 7 shows the results of fast and slow loading 
tests on wistite made from high purity iron containing 
0-02°,Mn. It may be seen that the strength under fast 
loading conditions is far lower than that of the high 
purity Fe,O,, shown in Fig.5. 

Under slow loading rates an appreciable increase in 
strength is obtained at intermediate temperatures 
The maximum strength obtained is still half that of 
high purity Fe,O,. The fact that the two curves in 
Fig.7 cross, indicates that there is an appreciable creep 
effect at high temperatures. The higher strength with 
slower loading rates at lower temperatures is probably 
due to the inherent brittleness of oxides at 
temperatures and their high shock sensitivity. 

Figure 8 gives the results for wistite formed from 
the lower purity iron containing 0-15°,Mn. The rela- 
tive position of the fast and slow loading curves is the 
same as in Fig.7 and the same effects are therefore 
present. In this case, however, the effect of creep at 
high temperatures is more pronounced, resulting in a 
more marked reduction in strength under slow loading 
conditions. At lower temperatures the difference is not 
as great as in the case of the purer oxide. 


stages. 


been 


lowe! 


Summury of results on tensile strength of oxides 

The results of the tensile tests have been summarized 
in Table II, and for comparison the previously reported 
results for Cu,O are included. The high strength of 
hematite compared with that of wiistite is clearly 
brought out at high temperatures. NiO has the great- 
est high-temperature strength of all the oxides 
investigated. The effect of slow loading is to increase 
the apparent strength of wiistite at temperatures 
between 400° and 700°C. but there is no such effect at 
higher temperatures. Delayed failure after an incre- 
mental load increase shows that creep is occurring. 
Recent work by Mackenzie and Birchenall? showed 
pronounced creep in wistite at 900°C. Plastic deforma 


tion was also noticed at 800°C under slow bending. 





8 Eff } 
0-15°GMn ir 


f rate of 


HOU ¢ 


However, no creep effects were noticed in Fe,0, and 
Fe,O,. which they concluded than 
wiistite. Recent Soviet work® showed that wiistite is 
far weaker than either Fe,O, or Fe,O,. But the tensile 
test | ordet 
seems that 


for 


were stronger 


from those 
the 
the 


results are of quite a different 


obtained in the work, and it 


type ot specimen used might be 


present 
responsible 
ditlerence 

It mav be concluded that wustite has some de vree ot 
stressing which might account 
But this 


plasticity is far less than that found for cuprous oxide 


plasticity under slow 


for its adherence under favourable conditions 


where a considerable degree of 
The strength of nickel oxide 
is very much higher than any of the iron oxides, or 
cuprous oxide, but no sign of extreme ductility has 
uthough the that it has a 


the same order as cannot be dis 


in previous work 


elongation was obtained 


found possibility 
ductility of 
missed. 
The plasticity of wiistite is relatively unaffected by 
the eflects 
found in wistite formed from both the 0-02°,Mn 
0-15°,Mn-containing iron. This applies only to 
bulk material and not to the 
t] interface of an oxidizing 


Lie 


been 


wustite 


presence Of lmpurities, since creep were 
and 
the 
necessarily material at 


metal oxide specimen 
where some degree of segregation could he expe ted to 
oceur. During the oxidation of metal specimens to 
completion, impurities segregating at the metal/oxide 
interface would be the 
final specimen and form an impure core which would 
have little effect on the tensile properties. Only those 
the 
grain boundaries of the bulk oxide could be expected 
the 


the case of phosphorus in 


moved towards the centre of 


impurities that occur in grains themselves or the 


to exert a large influence on tensile properties. 
This certainly h 
copper. The differences between Figs.7 and 8 must 


Here 


oxide at 


ippens in 
also 
be explained by such a mechanism 
thie 


manganese 


has reduced the strength of low temper 
tusing embrittlement. but it has 


fast 


tures. probably by « 


the 


: 


also increased loading strength at high 


temperatures 


RELATIVE THERMAL EXPANSION OF METAL 
AND OXIDE 

Since manv metal oxides have defect 
or oxygen lattice, which may change concentration 
with oxygen pressure and temperature, It Is necessary 


sites in the metal 
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TABLE it Results of tensile tests 





| A Ag hg he hee 


4.4 


, 





to pre-treat them to re nder them as stable as possible, 
‘or the 
atmosphere in which the expansion is measured is also 
stated 

A Gale-tyvpe dilatometet 


in metals, was used. This is enc 
} 


and to sper Ty this treatment. | same reason the 


used for phase changes 
j losed and permits very 
ir during the measurements. The 

ired 1-O in. long 25 in. dia 
were shorter than thi 


{ 
iccess oO] 


limited 


metal specimens me is by O 


oxide specimens 
ind sintering diffieultic 


Pressure and sintering conditions of the oxides are 
given in detail in Table ILL. The figure 
Lucas® wh 
his measurements in this department using similar 
equipment 
he 


exceeded 74 


3 for chromium 
oxide have been supplied by carried out 
but much lower compacting pressures. As 
the density of the 
of the theoretical in all 

No permanent change in dimensions resulted from 
the dil ept in of the copper 
oxides irred due to 


will seen 


sintered con pact 

other case 

dilatometric tests, exe the cast 
In these 

testing in the plastic ive 

there 


was found 


isf s changes in shape « ct 
However, in neither case 
the 


ine ‘ 


lume and 


test to be the 


was any change in ve 


ifter 


spec ifie 
gravity betore 


test 


SINTERING CONDITIONS AND RESULTS 
Table IV, 


tests 


The results obtained are but some 


of the effects noted during the 


piven in 


deserve comment 


Copper oxides 


In the ease of « uprous oxide. between about 650° and 


900°C. rapid contraction takes place due to softening 
cooling down to 510 C, where it 
the from 
temperature, the coefficient of expansion was Increased 
to about 5» 1lo-é ROK) ¢ 
iched. The but 


it would appear that the increased coefficient was due 


which continues on 


ceases. Upon re iting room 


specimen 


ind softening delayed until 


was re Spe emmen was still « uprou oxide 


to the change in the concentration of Cu? vacant sites 


upon heating in the small amount of oxygen present in 


the dilatometer 
CH) ¢ 


after reheating in nitrogen at 


sinee 


the original coefhcient was regained 
The coeft ient of 


9-3 x 10-6 


found to he 


contraction 


expansion of CuO was 
At about 615 ¢ 

oftening, showing that the « 
At about 850 C, ke 


to dissociation 


How ¢ 
xide } as 
3 ol 


iccording 


occurred 
some plastic it i this range 
weight occurs, probably due 
to the equation 


4 CuQ)-—-2 CuO ) 
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ce of oxides on meta 


Estimated compressive stresses in oxide films due 
to differential thermal contraction on cooling 


Sintering conditions of oxide expansion specimens TABLE V 





TABLE Ill 











Cobait 


than 


BOO ( 


SoM) OOD 
: ! would 


Ln ¢ 


coupled 


the cause 


The compression stress 


mad 


eNPaAnsl 


thermal expansion 
IV. together with some t nt or metals tends to rie and that 

rom published SOULPCE ‘| i » straig lin he ditlerence in 
met ind oxide ture tends re than 
the oxidation temperature ts 
chang rature po 
Im thie 


deformation 


te nd to reduce 


the eoothe wnts a) \ 
ho on this will therefore 


ifference i 


wnount 
resure WH figures given mn 
This wou . the a 
with the exception 
facts 


ssumption that 


e tTensi which rhhiyy 
known 


idherent 


r 

xpected for CuO ts 
e the deformation. The absence 

ntil at room temperature it woul 

| uld b Il stress 


ht tension. A larger ditteren small 
¢ 


lt «li 
qmue ce 


bait 


deformation of the 
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The kinetics of the martensite 


transformation in iron alloys 


W. S. Owen and A. Gilbert 


A DETAILED ACCOUNT of the kinetics of 
reactions Was published only two years ago by Kaut 


man and Cohen.'! The historical development of the 


martensite 


subject Krisement’s adiabatic hypothesis, the early 


reaction-path theory, and the attempts to apply homo 


geneous nucleation theory 


As far 


cated. This short review ts confined to iron-base alloys 


are adequately discussed, 
as is possible, this material will not be dupli 
In spite of these self-imposed limitations, sufficient 
new information has been published since the Nauf 
man and Cohen review to warrant further general dis 


cussion and it seems particularly important to direct 


attention to those areas in which at present there is 
a surfeit of conflicting ideas 

It is to detine a 
formation. Originally, attention was focused on the 


first necessary martensitic trans 
unusual properties of the microconstituent produced 
in steel on quenching, but this view is much too narrow 


Most re 


as a basis for a detinition ‘cent defini 
stated dual criteria, (a 


‘6 have 


to serve 


tions! that all atom 
displacements are less than one atomic spacing, so that 
the and 


b) these displacements are such as to produce a lattice 


no diffusion in normal sense is involved 


shear which is manifest by a tilt produced on a plane 
free surface. Bilby and Christian®® consider the shear 
displacement to be the essential feature, the diffusion 
less nature of the 


corollary. Since in all 


transformation being merely a 


cases the composition of the 
parent phase and the 


identical, the first criterion appears to be 


transtormation product is 
general. 
However, as will be discussed later, it is not always 
possible to demonstrate experimentally that the trans- 
formation in iron alloys involves a lattice shear. It 
might be argued that such reactions should not be 
classed as martensitic, but adopted 
here, 


this view is not 


\ necessary 
a transtormation to occur 


but not always sufficient, condition for 
is that the total Gibbs free 
energy of the system be reduced. On slow cooling the 
achieved by the 
phases transforming to phases of different composi 
tion. For example, at the eutectoid temperature the 
free energy of an entirely austenitic iron—carbon alloy 
is equal to that of the same specimen transformed to 
ferrite and cementite of equilibrium composition. If 
austenite is retained to a lower temperature the free 
energv of the systems is greater than that of 
and 


decrease in free energy is initial 


specime rh 
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a driving force exists, equal to the 
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difference in the total free-energies 
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tending to trans 
However, such trans 
formations require the transfer and rearrangement of 
atoms over large lattice distances and they can occur 
only if sufficient time is allowed for the diffusion pro 
Martensitic reactions, being diffusionless, derive 


CeSSECS 


force from the difference in free-energy 


the initial and final phase, the two phases 
differing only in crystal structure. This implies that 
there is 
are equal. The first problem in any kinetic study is to 
find the value of 7’) 
at the reaction temperature 


the driving 
by tween 


a temperature T, at which the free 


0 energies 


and to determine the driving force 


diffusionless 


Very many 
transformations in iron allovs are athermal. That is 
the start temperature is independent of the 
rate and the extent of the 
mined solely by the temperature to which th 
men is cooled. Most theoretical treatments are con 
cerned with the temperature at which martensite first 
forms, M,, and consequently the measurement of this 
temperature been the subject of much experi 
mental However Kurdjumovy 
Maximova!® first reported the isothermal formation of 
steel containing 0-6 
other instances of 
have reported 
form 
and in iron mangan 
ese alloys.'° The temperature must be below 7’, but 
can be either above or below M,, as determined for the 
athermal transformation. Metallographically isothet 
mal and athermal martensites are indistinguishable. 
Since martensite different 
and subsequently increases in volume at the expense 
of the austenite 
veniently considered in terms of two distinct stages 
nucleation and The growth of martensite 
plates or lenticular particles occurs extremely rapidly 
in iron alloys. Bunshah and Mehl* measured growth 
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nickel 
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growth. 





rates of 10° em see! in an iron-20-5° Ni alloy Thus 
it is usual to consider that the activation energy for 
growth is effectively zero and that the kinetic problem 
is essentially one of nucleation. This is true of both 
athermal and isothermal martensite formation. In the 
former case the number of nuclei is related directly to 
the temperature, but in the latter the number in 

creases with time at the reaction temperature 


TYPES OF MARTENSITE IN IRON ALLOYS 


It is convenient to classify martensite 
veto the product 


1. Tetragonal martensite 


transformations 
in iron alloys accord: 
is formed by quenching 
is inde 


the 


allovs containing carbon. The axial ratio. ca 


pendent of the austenitizing temperature and 
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cooling rate and 


cla=] 


according to Kurdjumoy 
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It has been reported that iron nitrogen martensite 
also tetragonal? and it is te mpting to ge neralize trom 
this that all martensite 


tetragonal but due to 


formed in interstitial alloys is 
ditticulties 


evidence from other interstitial alloys is sparse 


experiment il 
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of the 
nickel 


Cubic indistinguishable from ferrite 
Same 


composition is formed by quenching trot 
iNest iron-chromium,!!-'?) and 


Tron many” ‘ 
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other binary ind ternary allovs 


3. An hexagonal constituent is formed on quenching 
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Mn allovs () it) y 7 : Mn ‘ hand with Ni 
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on rapid quenching no chemical 

first criterion is satishet 
However. when considering low nickel or manganese 
vs and those other 
more indirect has 
to be adduced. Provided a cooling rate faster than a 
critical rate is used, the transformation start-tempera- 
ture cannot be depressed by further increasing the 
rate.17,15 With Fe—Ni allovs containing 5 at Ni the 
critical cooling-rate is slower than 5 C’min but with 
Fe—Cr allovs a rate of at least 1000 C's is required and 
with a 2-7 at-°,Si alloy the critical rate is probably 
about 5000 C)s.!* The transformation start tempera 
tures recorded at faster than critical rates vary 
smoothly with alloy content, but, unlike the trans 
formation temperatures for undercooled 
reactions, do not follow the phase- 
boundary profile. Further, these start temperatures 
extrapolated smoothly from those determined for high 
alloy specimens in which 


allovs systems in which a y-loop forms 
‘ 


evidence of chemical homogeneity 


diffusion 
equilibrium 


the temperature of trans- 
formation is much lower than that at which a signifi- 
cant number of diffusion jumps could be expected. 
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THE DRIVING FORCE 
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he undercooled 

be available to 

as interfacial energy and in ene 
nergy is the 
the free-energy of austenite, F 
Ke at that rhis 


at any temperature 7 difference bet we 
and the martensite 
iture usually 


temper difference 


called the driving force, is 

4¥oe-— I fa (1 
and is positive 
the more stable phase. Using Kaufm 
notation, for a binary alloy Fe—A 


nic kel 


it temperatures at which martensite 
in and Cohen 


\ is carbon, 
the free 


where 


chromium, manganese, or silicon, ete 


Lustenite Is 


) Fre rFav¥+Fmy. 4 


x is the atomic fraction of element and (] r) the 


fraction of iron Fy F, and F,,” are respectively the 


free energy ot pure iron, pure ¢ lement 

A and Fe, all in the 

martensitic state 
Fa ] Fyre? +27F a2 + Fy*.. 3) 


Sine 


\ and ot mixing 
in the 


wustenitic state. Similarly 


the first two terms on the right-hand side of the 
equation refer to pure elements in the ferriti 


Subtracting 


state a’ 
from 


IS repl wced by « equation (3) 
equation 

A¥e~— | —a) AF re? y+ 2d F a2 +- JF yy?’ 4) 
Johansson24 and Zener*® calculated JF ,,**” from 
specific heat measurements collected by Austin.?® The 
matter has been further discussed by Fisher?? and by 
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6. Ainetic energy The last three terms are usually 
considered to be negligible. The energy change on the 
formation of an embryo is then written as 


AW =nr'*c4f-+-22r Karc?A 20 


At any v 
respect to) 


ilue of 7 this expression is minimized with 


ind ¢ giving 


21) 
The corresponding value of the net energy change 
AW* is the energy barrier to nucleation and embryos 
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under certain circumstances, of iso 


possibility 
Fisher and Turnbull®? have View 


is the case under all cireumstances 
site formation 


isothermal nucleation occurs very rapidly 
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standard chemical rate fol 
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where V is the number of atoms per em, & and & are 
Boltzmann and Planck constants respectively 
and Y is the activation energy to transfer an atom 
the austenite interface. Since the 


rate of growth of martensite plates is extremely rapid, 


1 


the 


across martensite 
( must be effectively zero. Because JW* appears in an 
( xponential term it dominates the expression and the 
nucleation frequency is very sensitive to changes in 
this saddle-point energy. 

Fisher?! 
success to the experimental kinetic data obtained by 
Cech and Holloman?! for isothermal martensite for- 
mation inan Fe-Ni- Mn alloy Kaufman and 
Cohen! have demonstrated that this analysis is not ot 
The the 
strikingly shown by an example quoted by Cohen,4* 
Using the best availabl { and o he 
lated the size of the martensite nucleus for: 
alloy it the athermal M. temperature 
obtained ¢ 22 A 0) A ind 4 


Such a would 
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the size required by classi when 
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at the interface of another martensite 


by some other macroscopic imperter 
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INTRODUCTION 


ALTHOUGH hardened and tempered low-alloy steels are 
often described as martensitic, to differentiate them 
from other steels in which bainite or ferrite-+pearlite 
form an important part of the as-quenched micro- 
structures, direct-hardening steels are not usually put 
into service in the fully martensitic (untempered) con- 
dition. It is generally appreciated that optimum 
mechanical properties in hardened and tempered 
are obtained when comprises the 
initial structure. It is, however, not always economical 
or practicable to employ steels which are essentially 
martensitic when hardened: e.g. it may give rise to 
problems such as distortion and cracking associated 
with the quenching of intricate shapes. Martensitic 
steels are used, therefore, where service conditions are 
particularly severe, and when maximum toughness is 
required at relatively high strength levels. 

To attain high strengths, the tempering of marten- 
sitic steels is usually restricted to the range 100—500°C. 
After such tempering the acicular nature of the micro- 
structure is retained to a degree which depends on the 
composition of the steel and the tempering tempera- 
ture chosen: indeed, when the steels are only lightly 
tempered, it is difficult to differentiate, by normal 
optical microscopic examination, between the un- 
tempered and the tempered structures except that the 
latter are somewhat more reactive to etching reagents. 
The present paper is mainly concerned with the prop- 
erties of a selection of martensitic steels in the lightly 
tempered condition. It is not possible, however, to 
define an upper tempering-temperature limit beyond 
which the structures can no longer be considered as 
martensitic, since this limit varies appreciably with 


steels martensite 


variation in composition, and for certain steels may be 
quite high. 
This investigation was initiated to explore the 


potentialities of low-alloy steels at 
levels, i.e 


high strength 
greater than 100 tons/in®, with particular 
reference to the specific requirements of the most 
recent aircraft designs and missiles. It is recognized 
that the trend in modern aircraft has introduced new 
problems in selection of materials, because at the high 
speeds already attained, and the still higher speeds 
that are envisaged, it is no longer a question of finding 
materials which have a high strength/weight ratio at 
normal atmospheric temperatures. As a result of aero- 
dynamic heating, the requirement is for materials 
which will provide the requisite strength for a given 
weight at temperatures up to about 300°C, or, in the 
case of in an even higher range. At such 
temperatures, ultra-high-strength steels give strength 
weight ratios superior to those of aluminium alloys," ? 
but the use of steels of such high strengths introduces 
special problems. One of these is associated with the 
well known embrittlement phenomenon exhibited by 
most standard alloy steels when hardened and temper- 
ed in the range 250-400°C, a phenomenon sometimes 
referred to as ‘350°C-embrittlement’,? and on account 
of this effect it has been the standard practice to avoid 
tempering in that range. The use of tempering tem- 
peratures below 250°C would, however, seriously 
curtail the usefulness of high-strength steels, since 


missiles, 
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TIMATE 


a v. tempering temperature 6 v. UTS (from hardness figures) 
1. Influence of silicon on impact properties of high-purity 


14°, Ni-Cr-—Mo steels at room te mperature 


after such treatment they would be structurally un 
stable at the (higher) operating temperatures of 
certain aircraft parts. If, on the other hand, the steels 
were tempered above 450°C, the resulting loss of ten 
sile strength would preclude their use. 

A similar problem has emerged in the re-designing 
of steel undercarriage components. Here again, the 
trend has been to up-grade the strength of low-alloy 
steels, and although operating temperatures may not 
be as high as in the case of wing- and fuselage-covet 
ings, it is desirable to use steels which combine high 
strength with good ductility and toughness aftet 
tempering at temperatures above 250 C, 

In recent years much information has been publish 
ed on the mechanical properties of a wide range of 
alloy steels heat-treated to tensile strengths above 
100 tons/in?, and there are several examples of the 
application of such steels in aircraft.4;° Among the 
most important developments which have assisted 
progress in this field was the demonstration by Allten 
and Payson® that the addition of up to 2-18°,Si to a 
3%Ni steel retarded the tempering of martensite. 
Shih et al.? also showed that the addition of 1-5°,Si to 
steels of SAE 4340 and 4325 types (1-8°,Ni-Cr—Mo) 
retarded the softening of the martensitic structure on 
tempering, and made possible the use of somewhat 
higher tempering temperatures without introducing 
350 C embrittlement. Silicon has subsequently been 
used as an alloying addition by other investigators®:® 
in the development of ultra-high tensile steels. More 
recently, Kenneford and Williams,'® after a system 
atic examination of the influence of a number of ele- 
ments on the hardness/tempering-temperature rela- 
tionships for martensitic steels containing 0°35°C, 
concluded that chromium, molybdenum, and van- 
adium also had useful effects in retarding the onset of 
softening. However, they gave no information on the 
effects of these elements on impact properties. 

In the various investigations with 
development of ultra-high-strength steels, the princi- 
ple has been accepted that, for optimum mechanical 
properties, the as-quenched structure should be com- 
pletely martensitic, and the carbon content should not 
be higher than that necessary to give the requisite 
tensile strength. The work of Busby ef a/.'! on the 


ce ynecerned 





Capus and Mayer Mechanical properties of tempered alloy martensites 


0-00] 


0-008 


ool 
0-0] 


Che ththes 

O-005 
) 

O-O05 


0-002 
0-000 


ool 


impurities in raw materials for the high-purity steels 
Analyses of steels investigated 


Vanadiul 














TABLE | 
TABLE I! 


Material 


Journal of The Iron and Steel Institute October 1960 





152 Capus and Mayer 


. < 27 s 4 —- 
A 








2 Influence 


of hardened and tempered 14 


of carbon content and purity on impact 


,Ni-Cr—Mo steels 


mechanical properties of low-carbon martensites lends 
considerable support to the view that the lower the 
carbon content, the better are the ductility and impact 
properties obtained for a given tensile strength. These 
investigators also showed that nickel was most bene- 
ficial in lowering impact-transition temperatures ot 
very lightly tempered martensite, and that up to 2° (C1 
uso improved impact properties to a limited extent 
Manganese, on the other 
from 0-S8°. to 


hand, in amounts rangi 


1-5°,, or more, raised transition tem 
peratures 

made that melting and 
casting im vacuo improved the fatigue properties of 


se veral claims have been 
high-strength alloy steels.!*.!% These improvements 
notable chromium 
ball-race steels, and it seems probable that a reduced 


were most in the case of carbon 
inclusion content may have been an important con 
tributing factor 
Rinebolt,'? investigating the tensile and impact 
properties of steels of the SAE 4340 type melted in air 
in vacuo, or in argon, and subsequently heat-treated 
to tensile strengths between 67 and 130 tons in*® found 
no benetits 
10 OF in argon 


vuthors 


were conferred by melting either 
On the other hand, one of the 
demonstrated that in 


Ni Cr-Mo. steels made 


3590 C-embrittlement’ 


pres 
vacuum-melted 
from pure has 
was eliminated 
similarly prepared steels to which various 
elements had been added indicated that such 
embrittlement 


, 
small 


impurity 


could be induced by the presence of 


amounts of phosphorus, arsenic, antimony, tin 


ind nitrogen, or by larger quantities of manganese 
up to 2° »). The nitrogen con 


was higher than would nor 
steels, but the 


results obtained suggested that vacuum melting could 


Yr silicon up to 1-5 
tent referred to (0-02° 


mally be encountered in commercial 
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have beneficial effects on the impact properties 


provided that the 


also low 


tempered martensite contents 


other impurities were 

fhe influence of silicon is of particular interest, in 
view of the practical use which has been made of this 
ultra-high-strength steel 
developed in the USA for aircraft applications. Rela 


element in several types of 


tionships between impact valu 
tures 


temper us tem pre ra 
high-purity 13° .Ni 
Cr—-Mo steels of varying silicon content, reproduced in 


ig | 


and tensile strength. for 


iv silicon the temper 
which embrittlement is encountered 1 
raised towards 450 ¢ 

The absence of ‘350 C-embrittlement’ in high-purity 
Ni-Cr-Mo steels suggested the possibility of develop 
ing improved ultra-high-strength steels on this basis 
since it was expected that higher impact values might 
be obtained at strength obtainable 
tempering at temperatures which. for 
purity steels, would be in close proximity to, if not 
within, the Work was 


therefore undertaken to provide further information 


indicate that with increasit 
ing range in 


levels only by 


commercial 
embrittling temperature range 


on the mechanical properties of high-purity marten 


molybdenum 


high 


chromium 
after 


sites alloved with nickel 


vanadium, and_ silicon tempering to 


stre neth levels 


EXPERIMENTAL PROCEDURE 

The high-purity steels (Table IL, nos.1 3, LL-16 
electro 
vanadium 
Table | 


materials wer 


wert 
prepared from carbonyl iron, n kel pellet, 
lytic chromium ferro 
Anal vse s of the 
Carbon was added as graphite 


molybdenum, and 
materials are given in 
These 


melted by high-frequency induction, as 25-lb heats 


raw 


in vacuo ind were vacuum 


at a pressure of | micron 
ist to give $-in. dia. ingots 
steels 


The  commercial-puritys induction 
as 2O0-Ib heats, with the exception of 


wert 
melted in an 
nos L, dD and iD which were prepared as 25 lb heats 
Analyses of the steel 

The steels, in the form round bar 
| h at 


and wate quen hed 


are given in Table I] 

were oll 
hardened, tempered. for 
SOO ( 


temperatures in the 
Tensile. im 
notched-fatigue 
Impact propel 


range 2OO 


pact 
tests were made at room te mperature 


plain-bar. and 


notched-tensile 


ties were determined also at 7sC 


The tensile properties were determined on 0: 252-in 


dia. standard test pieces Charpy V-notch test pieces 


were used for the impact tests, and normal size or 
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M 


miniature Wohler specimens for fatigu 
Notch SCHISITIVITS \ . determined on 
eis influence impact opertie 


notched 0-357-in. dia. tensile test , ) ’ 
phen emt soi : ae comparing the curves fe the high-purity 


The extent 1 which impurities 


made circumferentially in the middk te 

length had a root radius of 0-005 in. and a 60 ny ee ' 

The diameter of the test piece at the root of the tieteeials 
om) 

Was (hlol in The 


nd 2 with those of steels 4 and. 5. which were 


ut were melted in; from ce } HV - pure 


fractures of the broken impact specimer 

showed important differences which are characteristis 
TENSILE AND IMPACT PROPERTIES laa el lea a la Bia purity. Of the 
Influence of carbon content in high-purity steels two steels containing 0-28 ( the igh-puritv tvy 


yo 


It is well known that carbon influences ductility, and no.) gave completely fibrous fractures after temper 


that for a given stre nuth level Unpact resistance de Ing at temperatures above BOO ¢ whereas in the com 


creases With increasing carbon. For commercial steels mercial- purity version, steel 4, fract was not wholly 
however, the influence of carbon is, to a certain extent fibrous unless the temperature was above 450 ¢ 
masked by the occurrence of “B56 embrittlement Further the brittle fractures of the Specimens tem 


In the relationships between tensile strength and pered below these temperatures differed: the high 


room-temperature impact-resista for | Ni-Cr purity steel showed cleavage-type fracture, wherea 
Mo steels of high purity (Fig.2 i¢ influence of carbor its commercial-purity counterpart exhibited 


is revealed in a striking manner. since, owing to the siderable degree of intergranular fracture 
absence of impurities, the steels are free from “350 ¢ Fractures of lightly tempered. fine 
embrittlement As the carbon is increased from are somewhat difficult to interpret, anc 

028°, to 0-42°, and to 054°, there is a substantial nts of the respective ty of fracture 
overall depression ol Impact values, 3 effect: which re isingly debatable as the tempermg ten 
poses a problem in development of ultra-high-strength ti is lowered and, in general, as the carbon con 


| 


materials from conventional low-alloy reased. The fracture t the 0-42° 0 steel 
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) OK 
TEMPERING 


7 Influence of silicon on te mpering characteristics 


Cr—Mo—V steel 


of 44°%N 


(no.2, high-purity, no.5, commercial-purity) indicated 
a similar relationship with regard to ductile and 
brittle fractures, and a closer study of these is being 
made with the aid of the electron microscope 

It can be concluded that at least a part of the im- 
provement in impact properties gained from high 
purity, results from suppression of intergranular 
brittle fracture and the lowering of impact-transition 
temperatures 


Influence of purity on tensile impact relationships in 
high-strength steels 


It is in the field of ultra-high-strength steels that the 
advantages shown by steels of high purity appear to 
he of most practical interest; where impact strengths 
are inevitably very low, an improvement of even a 
few ft/lb becomes significant. It was therefore con 
sidered desirable to study the influences of purity on 
the properties of some types of established high 
tensile steels. 

The first ty pe investigated was the 13°,Ni-1 49% Cr 
1%Mo-}%\ BACE 165, which 
initially developed as a nitriding steel, and which, on 
account of its resistance to has more 
recently attracted attention as a high-strength materi 
al for aircraft applications. With a carbon content of 
0-40-0-45°.. this steel is capable of attaining a tensile 
strength of at least LOO tons/in® after tempering at 
SOO 


steel known as was 


tempering, 


By removal of impurities from this steel signifi 
cantly increased values of room-temperature tough 
ness were obtained, particularly when the high-purity 
steel was tempered to strength levels below about 
120 tons/in® (Fig.3a), whereas the impact values of the 
comparable commercially pure material (steel 6) 
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> 


STRENGTH  tons/in® 


TENSILE 


‘Commercia 

purity | 

Stee! 10) + 
a n ™ spt 
9 bO WM (20 BW © 0 HW LW IX 
STRENGTH unr tched /tons/in* 


OTCHED 


ULTIMATE TENSILE 
a 1:8%Ni-Cr-Mo-V b 4}°. Ni-Cr—Mo-—V high-purity 
8 Notch sensitivity of high-stre ngth steels 


remained virtually independent of tempering tem- 
perature between 200° and 500°C. The advantage of 
high purity extended to properties at sub-zero tem- 
peratures, but at —-78 C the amount of improvement 
at the lower strength levels was somewhat reduced 
(Fig.3). 

Results for a commercially pure steel similar to 
steel 6 but having a molybdenum content 
(0-49°,,) are also included in Fig.3. The lower-molyb- 
denum steel had slightly improved impact properties 
at room temperature, but at the higher strengths this 
improvement was not maintained at —-78°C. It would 
appear that in the more lightly tempered material, 
increase in molybdenum content from 4°, to 1% 
changed the slopes of the impact/transition curves, 
and may also have lowered the transition tempera 
tures. It is presumably as a result of its high molyb 
denum content that the impact values of the com 
mercially pure BACE 165 of standard composition did 
not pass through a minimum at an intermediate 
tempering temperature 

The second type of high-strength steel investigated 
was the 4}°,Ni-Cr-Mo—V steel (vanadium-modified 
BS En 30B). In this instance, the elimination of im- 
purities resulted in a remarkable improvement. in 
toughness, both at room temperature and at 78°C 
(Fig.4). As the carbon contents of these steels 
and 13) were somewhat lower than those of the pre 
and 11), the magnitude of the 
improvement confirms the impression that the influ 
ence of impurity elements is dependent on the carbon 
content 

As regards tensile. properties, the data which have 
been accumulated suggest that the purity of a steel 
has a slight influence on its ultimate tensile strength. 
For 
temperature, the strength of high-purity steel may be 
lower than that of the corresponding commercial- 
purity steel, by up to about 4 tons/in*®: for several 
pairs of steels examined the difference remained con 
stant at about 4 tons in® for a range of tempering 
temperatures. There is thus no indication that a high 
purity steel tempers more rapidly than a commercial 
steel. The lower strength of high-purity steels is not 
entirely surprising in view of the fact that commercial 
steels generally contain 0-2-0-3°,Si and about 
0-5°.Mn,. as residual deoxidizers, and that these ele- 
ments have fairly strong solid-solution hardening 
ferrite.'® which could account for the 
observed difference in tensile strength. 


lowe 


nos. 


vious steels (nos.6. 7. 


a yviven carbon content and a given tempering 


effects in 
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Heat treated to about a 
c 100 tons/in® 


120 tons/in* 06 110 


g Fatique pro 


perties of commercial-purity high 


Tensile ductility, as measured by percentage elonga- 
tion, was about 1-2°, higher in high-purity steels. 
Reduction of area, on the other hand, is a more 
sensitive index of ductility, and the better values 
observed with high-purity steels (Figs.5a and 6) are 
perhaps more striking than the influence of purity on 
impact properties, already discussed. Figure 5 shows 
that the strength dependence of duc tility shown by the 
high-purity steels is not shared by the commercial 
purity steels, and the difference bet ween the reduction- 
of-area values of the high-purity and commercial 
purity the tensile strength in 
creased, For the high-purity 1-8°,Ni-Cr—-Mo-V steel, 
reduction of area still amounted to about 44°, at a 
strength level of 120 tons/in® and in the 4}°,Ni-Ct 
Mo-V steel it was 56°, at 115 tons in?®. 


steels decreased as 


Influence of silicon 
Reference has already been made to the significance of 
silicon as a major alloying element in ultra-high- 
tensile steels, as a means of retarding softening during 
tempering 

In the present investigation, the influence of silicon 
was studied in steels of the 4) ¥ Ni—Cr—-Mo-V type 
using both commerical- and high-purity materials 
(nos.9 and 15). The results (Fig.6) show that in the 
presence of 1-3-1-5°,Si there was virtually no differ- 
ence in impact properties between steels made with 
pure materials and those of commercial purity. Silicon 
retarded tempering to a certain extent 


(Fig.7) and its 
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10 Comparison of 
steels and 


120 tons/in 


vn-bar fatique properties 


commercial-purity steels, tensile 


embrittling influence, produced a pronounced trough 
in the curve of room-temperature impact values for 
the high-purity steel (Fig.6): minimum values occurred 
after tempering in the region of 400°C, Thus, although 
the presence of silicon tends to raise the tempering 
range in which embrittlement and allows 
steels to be tempered at higher temperatures without 
undue loss of strength, the use of this element may not 
be advantageous if resistance to tempering and avoid 
ance of embrittlement 


occurs, 


can be obtained by other 
means 

A further disadvantage of silicon is its deleterious 
influence on tensile ductility, as measured by reduc 
tion of area (Fig.5c). This effect was only slight in the 
case of the commercial-purity 4}°,Ni-Cr-Mo-V steel 
but for the high-purity steel the addition of 1-5°,Si 
reduced the level of reduction of 
values below those of the commercially pure 
Ithough there is a certain amount of 
scatter in the results, the values for the high-purity, 
high-silicon steel appeared to be little better than 
those for the comparable commercial-purity steel 


general area to 
low- 


silicon steel 


NOTCH SENSITIVITY OF HIGH-STRENGTH STEELS 


As the tensile strength of quenched-and-tempered 
steels is increased above 100 tons/in* the usefulness of 
the notched-impact test, in distinguishing between 
different steel compositions and treatments, becomes 
considerably less. This is due to the inherently low 
impact values associated with lightly tempered maz 


tensite. Notch determined by the 
notched tensile test, usually manifests itself only at 
high strength Steels 
sensitive if the 
(un-notched) 
about 1-5.) 
Results of notched-tensile tests on selected com- 
mercially pure and high-purity steels, after tempering 
at suitable temperatures, are summarized in 
According to Neuber’s formula, the theoretical stress- 
factor in the notched test-piece em 
ploved was 4-5. At strength levels above 100 tons/in® 


sensitivity, as 


leve Is 
ratio of 
ultimate 


said to be notch 
notched-tensile strength to 
tensile strength is than 


are 


less 


Fig.s8. 
concentration 


all the steels examined showed notch sensitivity in 
varying degree. For the high-purity 1-8°,,Ni-Cr-Mo-V 
steel (no.12) the notched strength increased with rise 
in un-notched tensile strength (Fig.8a2) whereas in the 
corresponding commercially pure steel (no.10) notched 
strength was lower and showed a distinct minimum 
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This behaviour 
in the 
curve of impact value tensile strength for this tvpe of 
steel (Fig.3): it appears to imply that notched strength 


after tempering in the region of 400 ( 
is interesting in view of the absence of a trough 


is more sensitive to impurity elements than is impact 
resistance. A similar ‘trough’ in) notched-strength 
values resulted from the addition of 1-45°,Si to a high 
purity 4}°.Ni-Cr-Mo-V_ steel (Fig.8)) the 
point of view of applications at high strength levels 
this effect constitutes a further disadvantage resulting 
from the 
high-purity steels 


From 


use of considerable amounts of silicon in 


FATIGUE PROPERTIES OF HIGH-STRENGTH STEELS 
Room-temperature fatigue tests were carried out on 
rotating-bend machines of NPL design, running at 
5000 rev/min and using Wohler-tvpe test-pieces such 
that the bending stresses were uniform over their gauge 
lengths. Two sizes of test-piece were used, according to 
the amount of material available: for the commercially 
pure steels (nos.6—9) the test piece was of normal size 
having a parallel 1-in. gauge length of 0-275 in. dia.: for 
the remaining steels (nos. 10-16) a miniature test-piece 
was employed, of 2-in. overall length. with a 0-178 in 
dia. gauge length and a parallel portion 0-250 in. long 
The miniature samples were inserted in closely fitting 
shackles, to adapt them to the machines used for the 
larger test pleces 

Preparation of the fatigue specimens involved heat- 
treatments in the rough-machined condition (0-030 in. 
being allowed on the diameter for decarburization). 
after which they were turned to the final dimensions 
and polished by normal procedures. The steels exam 
ined by plain-bar fatigue tests were the same as those 
used for determination of tensile and impact proper 
ties. The commercial-purity steels nos.6-9 were tested 
at strength levels of 120. 110. and 100 tons in*. The 
Fig.9) indicated that. on the such 
tests (i.e. for stresses resulting in fatigue lives of up to 
y 3 las cve les), at high strength levels, the steels did 
of the scatter of 
results. the fatigue properties were, in most cases, best 
represented by straight lines 

The strength levels at which the steels were tested 
relatively the results. As 


raised, i.e. as tensile 


results basis of 


not possess fatigue limits. In view 


had a small influence on 
tempering temperatures 
strengths high 
stresses were somewhat reduced. but at lower stresses 
this effect was negligible. so that for 2x 108 


evcles the initial tensile strength of the 


were 


were lowered. finite fatique lives: at 


lives of 
materials 
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within the range 100-120 tons in*) did not appear to 
iffect fatigue strength 
ent influence of steel composition. 

It will be recalled that the commercially pure steels 
nos.6-9 were cast as 200-[b ingots, and the high-purity 
25-lb ingots. Since in processing the com 
and high-purity steels to bars of 7 in. and 
2 in. dia. respectively, the two groups of steels received 


The tests revealed no 


consist 


steels as 
mercial 

different degrees of working, it was necessary to pro 
vide some means of taking this difference into account 
when comparing the two sets of fatigue data, and also 
the Kor this 
steel 10 was made as an air-melted comme 

and cast in the same 
mould as was used for the vacuum-melted high-purity 


tO assess influence of test plece siz 
purpose 
cial-purity heat size of ingot 
steels. 

To establish the fativue 
properties determined on normal and on miniature 
test further quantity of steel 6 
treated to 120 tons in® and tested in the form of minia 
ture specimens The results contirmed that si 


had no influence 


corre lation between the 


pieces, a Was heat 
ze ol test 
on fatigue properties, and the 
this steel. and for steel 10 
subsequently used to compare the fatigue properties of 
the commercial-purity and high-purity steels. To 
study purity. the commercially 
steel no.10O and the high-purity steels nos.11, 13 
heat-treated to 
120 tons in®. The 
considerable scatter at some the 
unavoidably small scale of the melts of individual 
steels limited the number of tests which could be made 
at each stress level: it is that re 
moval of impurities had no significant influence on 
fatigue properties. In view of the claims made for the 
improved fatigue resistance of vacuum-melted steels 
this result is rather interesting, had 
been that the previously 


pou | 


values obtained for 


Were 


the influence of pure 


ind 
15. were a nominal tensile strength of 


fatigue results. seeé Fig 10. showed 
levels 


stress and 


nevertheless, clear 


suggesting (as 


suspected) advantages 


claimed for vacuum-melted steels were primarily the 


result of lower inclusion content, a feature unlikely to 
be so sharply detined when relatively clean laboratory 
made steels were compared 

Each of the high-purity steels was heat-treated to a 
nominal 120 tons in® strength level. as 
pilot hardness tests. but the actual figures ranged from 
113-6 to 128-4 tons im. Since 
was only at the 
had a significant influence on fatigue properties these 
strength 


making comparison with commercial steels. The only 


gauged by 


as already observed, it 
higher stresses that the strength level 


variations in level could be ignored when 
significant effect of Composition which emerges from 
Fig.10 is that the high-silicon 41°, Ni-Cr- Mo_V steel 
no.l5) had better than the remaining 
steels 

In a further attempt to elucidate the influence of 
impurities on fatigue properties, steel 10 and steels 12 
14. and 16 duplicate melts of nos.11. 13. and 15) were 
subjected to notched-fatigue tests, again at a nominal 
120 tons in®. The test prece 
used was similar to the miniature specimen employed 
in the plain-bar fatigue testing, except that the parallel! 
portion was left oversize 
central circumferential 60 
the root 
notch 
factor 
scatte! 


prope TTIES 


strength level of 


tensile 


and was provided with a 
notch of such a form that 
diameter was 0-178 in. Root radius of the 
was 0-005 in... giving a_stress-concentration 
of 3-0. The results (Fig.11) 
but the notched-fatigue tests appeared to 


showed some 
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show that in this « purity exerted some influence 
the properties of the high-purity 12) were 
superior to those o s comn ial-purity counterpart 
no.10). The high-silicon ‘yn ! iCr—-Mo-_V steel 
exhibited lv | 

silicon-free 

tage of 


high S1il 
In addition 
position notehi y I Specime! ! | reduce 


fatigue strength and introduced an endurance limit 


for each of the ste is Tested 


DISCUSSION 
A primary object of th present 


show the i ene purities 

properties a) som Hehthy 

steels. Several ettects were ob 

demonstrated that high-purity 

improvements i iapact properties due i n nid inadiun 
tilitv. and in noteh 
tensile tests. The 

of the etfect 

evidence 

the most 

the level 

mercial 

presence of antim 

expected to have 


ments siicon 
influence, | 
present it 
reported has ¢ 
have ipprectahle 
high-purity steels 
influence of that element o1 
notch sensitivity of these 1 
cially pure steels examined, im 
area Values tor t] h-silicon steels we 
cantly different from hose for steels o 
content. a finding whicl wwreement W 
of Shih ef a/.7 on steels of t SAE $540 tv. 
Electron-mi 
the influence 
the presence o 
hide precipitation 
difficulty wa 
carbon-extrac 
silicon steel (no.15), it appeared 
litt le precipitation alter temp 
aiter tempering at S00 © the \ ! lf 
tation than in the silicon-free 4! Cr Mo 
not: the individual particles were largely sphe 
al. in contrast to the platelet carbides observed in 
silicon steels 
It is unfortunate th 
which has been found 
of martensite 
properties of hi 
appears to be equivalent 


trace impurities normally present 


steels. Thus. while high-purity 

est for certain high strength 

ability of utilizing silicon as ) modi 
their tempering characteristics ( ruled out 
However, the freedom of high-purity steels from sus 


ceptibility to 250 C_embrittlement renders ito un mercial-puri 
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$. Plain-bar fatigue tests on high-strength steels \. E. NEHRENBERG: Mat, Methods, 1954, 40, Oct., 100-103. 
revealed no endurance limits, and the results indicate 5. H. P. Taroirr: Steel Processing, 1956, 42, 702-704, 709 
that the finite-life fatigue strengths are not affected by 710 
the purity of steels heat-treated to about 120 tons/in®, A. G. ALLTEN and P. Payson: Trans. ASM, 1953, 45, 
In contrast, in notched-bar fatigue tests, steels at this $96-525 ot cial deal 7 
strength level show an endurance limit. The prelimin- . ~ nscale a ge gee cpanel 
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Correspondence on the paper 


The creep and rupture properties of 24 
chromium—1 smolybdenum quality steel” 


Mr L. M. T. Hopkin and Mr M. F. Day, of the National Physical At both the temperatures in question the bulk of the 
Laboratory, Teddington, Middlesex, wrote: The compilation results are for times of less than about 5000 h; only four rup 
of British data on the creep and rupture properties of the ture test results at 538°C and two rupture test results at 565°C 
23° Cr-1°,Mo steel by Murray ef a/. implies that design are for greater times up to about 20000 h. The results for 1° 
stresses at the service temperatures of 538°C (LO000°F) and creep strain are no more numerous. These results have been 
565°C (L050°F) can be considerably above those recommended extrapolated by the authors on a curved relationship between 
in the ASME Boiler Code. Although the British data may be log stress and log time to 1°, creep strain and to rupture to 
more extensive than those on which the ASME Boiler Code is estin . » stresses required for these criteria at LOQOOO0 h,. 
based, the compilation of tish data should be eritically The doubt which exists with any extrapolation is obviously 
examined before any commendation for working stresses aggravated when such long extrapolations are made on curved 
higher than those in general use at present can be justifies relationships 

— — . — As a general prin ple. we believe that the results of extra 
* J.D. Murray et JIST, 1959, 193, Dec., ¢ 36 lations of both log stress/log time, and temperature/log time 
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Dislocations in a-iron 


TABLE 2 Comparison of stresses obtained with the ASME 
Boiler Code values 
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INTRODUCTION 
ON EXAMINING METAL FOILS by 


electron microscope it is possible to observe directly 


the dislocation distribution. Experiments have 
determine the dislocation 


zy-iron changes as a result. of 


now 
been carried out to 
distribution in 
deformation. An attempt has then been made to 
these observations with the 
characteristics of the 


It ha 
the dis 


how 


plastie 


correlate work-hardening 
iron 

been found that with increasing plastic strain 
locations form 


sub-boundary arrays as_ pre 


X-ray 


lar electron optical observa 


viously predicted from microbeam diffraction 
by Gav and Kelly 


Heel 


Sim 
made on 
Hirsch and co-workers.* 
cvested that the 


Won are 


tions have and 


i Kelly? 


aluminium stainless 


ind Ball? 
work-hardening character 
related to the sub-grain size. But 
am and Nutting.® and Irvine and Pickering.” have 
that the 


steel by 
have Sul 
istics of 
H\ 

shown ultimate tensile stress of steel is 
greatly dependent upon the initial ferrite grain size. 
Thus Kelly's and Ball 


with this fact if it i 


~~ VICWS Call only he recom iled 


assumed that sub-grain size is 
related to the grain size. The present experiments have 
that this is 
diameters t le 


rested 


show not the case and that sub-grain 


observed. It is 
work hy waching 


ss than 1-2 yw are not 
that 
due 


very severe 


now suge¢ therefore In tine 
grained matertal tion of 
sital j 


CLISLOM ana 


is chietly to forest interac 
tions while oarse 
grained material gral formation 
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transmission in the 


SYNOPSIS 


Electron optical eramination of the dislocation listribu 


hion an 


defor) 


pure w-tron afte) different an 
shows that ip 


In coarse 


sare partially vr 


ounts of plasti 


ation reqular sub-h mndary networks 


these sul 


grained material “ 


sponsible lor work hardening 


IS26 


readily and this leads to an extra hardening increment 


although the vield stress is low 


EXPERIMENTAL 
fron having a 
no. AH P19) 
follow ~ 


OOO OS 


purity. of 
used for 
M4 ( 


99-97 
this 


BISRA) reference 
investigation. the 
OME oO OS) 


O-O] Ni 


Was anal 


Mn 
o-oo] ('r. (404 
O00] Al O-OMV?eE O-OOL3E ON 
No traces of Mo, W. V. Ti, Co. or Sn 
found. The bar was cold-rolled from 2 in 
a foil 120 u thick. Although this may be less than the 
ferrite size of annealed material, it was found 
that the stress strain curve corresponded to that of the 
metal 


ani (M4 
OmMpe Pp 
O-OO7° On 

W-Q00005°. H 


were To vive 


vyrain 


i more massive form 
To study the very early stages of deformation spec} 
mens of decarburized foul were prepared by annealing 
for 48 h at SSO C in 


moist hydrogen and 


vield point could be detected. Te 


ifter this 
investi 
relationship bet ween the surface slip markings 
foul 
crystal was prepared using the strain 
anneal process of Edwards and Pfeil.* 


treatment no 


rate the 


ind the dislocation distribution a containing a 


large 


sng 





sive 
roo 
The foils were first annealed 7 ind alter 
detorming thin tilms were prepared by rf ; — “— ; 
olis r using the techniq of Brandon an ut , 
1D hing ising the t nique Brandon and Nu UE RT eT Pe Thy ealilititen Miaieaiiih tase 
ting.” The toils were examined by transmission in thi ; se P : 
- : is thought to correspond to an impurity-free zone The 
Siemens Elmiskop | electron microscope operated at , : a 
-\ ! presence Of mmpuri ie WOU be expected to mecrease 
SO Ik : A 
: the non-coherent scattering of the mn) beam and 
hence to decrease t] intensity « » transmitted 
RESULTS 
beam. The grain boundary acts as ink for impurities 
Metallographic features of annealed polycrystalline foils and this iv lead to a transparent impurity-fres 


Very few dislocations were visible in annealed speci ae ‘ oundary. Very often mall loops 
mens, and it was estimated that within the grains the ; itie bserved beginning and ending at 
dislocation density was 10° 107 em Grain boundar he ind in or immediately adjacent to 


intersected the top and bottom of the film. On both fine lines (Fig.2). Dislocations have frequently been 


ies usually appeared as a tine double line where they the boundaries it was possible to detect a netw 


sides of the yrain boundaries were PCCIOnS which seen to emerge trom gram boundaries and it is prob 
appeared more transparent to electrons than the rest thle that th etworks of fine line ire dislocations 


of the grains (Fig.l). This effect does not seem to be which are loosely bound to one side of the boundary 


A 


CRRELELE) 
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in z-iron 


4 Sub-boundary formation in foil deformed to a _ stress of 


2 tons/in? (S% strain) 40.000 


The grain boundary may thus be acting as a reservoir 
for dislocations, and under the influence of an applied 
stress, these dislocations may break free and contribute 
appreciably to the initial strain. The dark patches at 
the grain boundary (Fig.l) may be associated with re- 
gions of good and bad fit as suggested by Mott,!° but no 
similar effects have been reported in fee metals and it 
is more likely that the contrast is due to small pre- 
cipitates or segregation of impurities. No evidence has 
been obtained for segregation or precipitation within 
the grains, although surface replicas strongly suggest 
that such an effect is present.!! 


Deformed polycrystalline foils 
The smallest deformation which can be investigated 
in annealed iron is the vield point extension. This 
varied with the grain size, but was about 2 or 3° 


6 Dislocation network showing three-fold nodes at junction of 
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§ Grain boundary kinks in foil deformed to fract ire 10000 
After vielding, the dislocations were arranged in loose 
networks which were frequently associated with sub- 
boundaries and inclusions (Fig.3). With increasing 
deformation the networks become more clearly d 

lineated and the dislocations within the networks 
become more tightly packed (Fig.4). The dislocation 
density for a similar strain decreased with increasing 
grain size although in any one specimen the dislocation 
distribution was very heterogeneous. High dislocation 
densities were frequently noted on one side of a sub- 


boundary or grain boundary, and grain boundary 


kinking was sometimes found after heavy deformation 


(Fig.5). Similar effects on replicas were found by 
Brandon and Nutting.'! The size of the sub-grains was 
about 2 p, which agreed well with the cell size deter- 
mined by microbeam measurements.* Where the 
plane of the thin film was almost parallel to the plane 
of a network it was possible to see the dislocation 


lll and 100. dislocations 0000 





7 Irregular pile-up at an inclusic 


} . a decarburized foil de- 


formed to a stress of 3-5 tons/in? , strain) T5000 


arrangements, and threefold nodes 
observed Fig.6), Since a threefold node 
ally impossible if only (111 pres- 
ent, this observation provides strong evidence for the 
production of <100> dislocations by 
as; Sa{111]+ Ja{11T]—al 100}. 
without climb taking place the 
will lie at the intersection of two glide planes. The 
direction along which the <100> dislocations in the 
networks lie thus provides information concerning the 
choice of slip plane. In Fig.6 there is no obvious set of 
parallel dislocations and it may he inferred that the 
dislocations which are interacting do nm 
specific crystallographic plane. 

By measuring the splitting of Kikuchi lines and the 
circumferential displacement of spots on diffraction 
patterns from regions containing networks it has been 
possible to obtain values for the component lattice 
misorientations either in the plane of the foil (Kikuchi 
lines) or perpendicular to the plane of the foil (diffrac- 
tion spots). The misorientation across dislocation net 


many were 
Is geometric- 


dislocations are 


a reaction such 
If this reaction occurs 


L0O> dislocation 


it lie on any 


works measured in this way varied greatly from grain 
to grain in any one specimen. However, estimates have 
heen made of both the sub-grain misorientation and 
the dislocation density in several specimens and the 
results are presented in Table I. 


Decarburized foils 

In order to investigate the early stages of network 
formation, dislocation arrangements were studied in 
decarburized foils which showed no yield extension 
and therefore could be deformed less than 3°,. The 
flow stress increased rapidly to about 3-5 tons,in* 
after which the rate of work hardening decreased and 
hecame linear with strains greater than 2°,. These 
changes are reflected in the dislocation arrangements 
observed inside the foils. After 0-8°,, strain disloca- 
tions were found in irregular pile-ups at inclusions 
(Fig.7) and grain boundaries, while in 
dislocation interaction was observed. After 2 
gation networks, similar to those found in 
carburized specimens, were observed. 


some areas 


, elon- 
unde- 


houndar I] 
(4 


75000 


Deformation of a single crystal foil 

To determine the relationship between the slip bands 
found on the surtace of a deformed pecimen and the 
dislocation within the specimen, a 
single crystal foil was prepared by the strain-anneal 


arrangements 


method. The orientation was first determined from a 
Laiie X-ray back reflection photograph, and the foil 
was then deformed i until 
visible on the surface under the optical microscope 
This corresponded to a strain of about 4°,. In the thin 
films prepared from this foil the major obstacles to 
dislocation 


stayes 


lip bands were 


movement seemed to be low-angle sub 
observed in the 
process of interacting with and breaking through these 
Fig.8). Well developed planar networks 
were present and it was possible to determine then 
orientations relative to those of the slip bands on the 

gs.9 and 10). The evidence for non-crystal 
lographie slip in this foil is derived from the following 
etiects 


boundaries, and dislocations could be 


houndaries 


surface (Fi 


TABLE | Dislocation density and sub-grain misorientation 
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tooo 


Laie asterism 
The asterism of the Latte spots after deformation does 
not that 
occurring about any one specific direction 


indicate the misorientation in the lattice ts 
ig. LL) 
compared with results obtained by Mad 
ind Chen! 


t he AXCS ot 


This may be 
din on molybdenum and niobium in which 
misorientation are such as to 


strongly that slip is confined to the ‘Tia 


suguest 


planes 


Slip hands on the surface 


The slip bands on the surface are of the diffuse, wavy 
type commonly observed in polycrystals. It has been 
deduced from the examination of replicas from the 
surface that if 


rystallographic slip Is responsible for 
this type of structure then the segments of the slip line 
must be less than 30 A long. 


Dislocation 
\s in’ polyerystalline the 
not lie along any specific erystallographie direction 
Figs. and 10 


mrrande die nts 


foils 100 dislocations do 
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10000 


1 


Although the studying this 
single erystal foil did not enable the position of a slip 


techniques used for 
band on the surface to be related to a particular posi- 
tion within the foil 


areas 


it has been observed that in some 
large numbers of small dislocation loops are 
Figs.9 and 10). It might be expected that 
ip bands are regions through which lat 
numbers of dislocations 


visible (A 
since the sl ve 
Is ee 


have passed they will also | 
regions in which large numbers of point defects will be 
formed deformation. The 
vacancy Clusters to give small dislocation loops has 


during condensation of 
13 and similar 
effects may account for loops forming in the wake of a 
slip band 


been observed in quenched aluminium 


DISCUSSION 


The absence ot regular pile Ups ot dislocations ith de 
formed z-iron is not altogether unexpected since eross 
slip isknown to occur readily andeven ina face-centred 
cubic alloy of low stacking fault energy, e.g. stainless 
steel, classical pile-ups are only observed at the very 
early stages of deformation.*? However, the observed 
dependence of the lower vield stress upon grain size 








12 Schematic dia 


harde ning in tron 


jram 


has been exp! ined by Petch on the 
vielding is propagated by 


classical pile-ups.'4 


issumption that 
internal 


stresses 


Petch has found a relationship of the type 
kD 


where vield stress frictional stress con 
modulus), 6 (the 
and 7, the pinning stress which has to 
be overcome to initiate vielding; D)—the 


eter 


stant depending upon G shear 


Burgers vector 


grain diam 


Equation (1) can be rewritten in the 


and the term &’D 3 
stress concentration tactor 


then be 
and its dependence 
be est rblishe d by 


in the centre of 


may looked upon 
upon 
issuming that a dis 


YTraln size may 


location source a grain operates until 
the back stress at the source from a piled-up group of 
dislocation at the boundary is equal to 


The 


absence of classical pile-ups in z-iron 
observed in the form of thin foil in the 
has to be with the excellent a 
ment between the experimental results and theoretical] 
analysis of Petch und Heslop sd It may beth it cl issical 
pile-ups are instantaneously formed but that they sub- 
sequently relax by a variety of 
Alternatively it is possible that the irre 


electron mie 


scope reconciled ree 


possible mechanisms, 
gular pile-ups 
actually observed produce stress concentration effects 
which are similar to those to be 
The slip lines in 
iron!! strongly suggests that linear pile-ups are never 
formed, therefore 


more likely 


expected from a 


classical pile up absence of sharp 


the second ¢ x planation seems the 
If an irregular pile-up is formed, dislocation sources 


will still operate until the back stress on the source is 
equal to the stress required to unpin sources in neigh 


bouring grains. but the number of dislocations emitted 


by the source will be greater than if 
formed. i.e. the vield 


greater. 


i Classical pile-up 


were point extension will be 


Ball? has adapted the Petch equation to account for 
work hardening by assuming that the 


yy barriers to dis 
movement are the sub 


location 


grain boundaries 


due to 
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formed during deformation. 
ship of the 


Ball now tind 
tvpe 

, j 

flow stress frictional 


barrier strength, f¢ 


where stress, 4 
stant , sub-grain diameter 
Petch’s calculated value for rp is 


con 


G 15 which is close 
to the value of G13 given by Cottrell!® as the 
necessary to UnpIm a dislocation from a carbon atmos 
phere in the absence of thermal activation. The 
stress obtained by Ball from equation (3 


stress 


harrier 
was G,/75 
This reduced value of Tp IS easy 


to understand since 
the dislocation sources operating after the yield point 


extension has been exceeded do not have to break free 
from impurity atmospheres. It is not easy to under 
stand why rp, is constant during the progress of defor 
the fri 
Cracknell 


depends upon a) 


mation, neither is it to be expected that 
tional should 
Petch!? have shown 


Peierls stress bh) the 


Stress, remain constant ind 
that Co, the 
presence of point defects in the 
lattice c) the presence of segregates or precipitates, 
d) the interaction of the di 
locations on different slip systems 


Although the Pt 


plastic deformation 


slocations with other dis 


stress will 


ierls not change during 
point defects introduced, 
sevreyvates are lisp rsed, and the dislocation density 


increases: therefore it is not to be ¢ x pec ted that equa 


are 


tion (4) can adequately represent work-hardening 
behaviour 


It is probable that the greatest change in » will 
occur as a result of dislocation interactions which are 


Friedel! has shown 
that forest hardening should obe Vv an equation of the 
tvpe 


equivalent to forest hardening 


4) 
where 7 ar stre 
through the 
] density of torest disloc ations 

Hirsch! 


actions during 


ss required to force a dislocation 
forest, % constant having : le ~A)-2 
has pointed that distor 


torest 


out ation) inter 


hardening will obey a range of 
force laws depending upon the relative orientation of 
the two dislocation lines then 
t) only represents an 
hardening stress 
values of the dislocation de nsity 
within the sub-g ns. it can be shown that at the 
ition of decarburized 
irdening Ql ts m 


and Burgers vectors 
thus Fried is equation 
value of the 


Usin the ol 


iverayge 
served 
early stages of plastic deforn 
forest h iximum of one 
| irger defor- 
mations this Ito s to aon 
one-fifth 
With coar 


reasonable t 


iximum= of 


decarburized iron it now seems 


hardening in the following 
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With 


on other sup 


worl 


terms. Initially the dislocations m«¢ 


ve freely to 


grain boundaries and form irregular pile-up 
ncereasing defo 
svstems become and is results in dislocation 
interaction givi orest hardening. but at the 
time the d orm sub-bound 


rv networks o rhtl lit ing orientation. The 


ame 
CLislor Lion a reacting te 
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networks form 
than 


barriers islocation move 


ment those produced during forest 
ition of the 


a further increase in the 


interaction 
networks will bring 
flow stress. As the 
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uentiv the torn 
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location density 


appreciably with deformation. once the 


ies have formed, the « ution of torest interaction 
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to flow stress will remain constant. The observed flow 
stress will be the sum of these various contributing 
factors as shown schematically in Fig.12. 

In apparent contradiction to this mechanism of 
work hardening, Hyam and Nutting® and Irvine and 
Pickering’? have shown that the hardening of norma! 
ized and quenched and tempered steel is inversely 
proportional to the square root of the ferrite grain 
diameters. This can only be explained if the contribu 
tion of sub-boundary hardening to the flow stress is 
relatively small. But with the tempered steel the grain 
sizes (1-10 ,) were smaller than those used in the 
present investigation (50 4-2 mm). As sub-grain sizes 
smaller than 1-2 p» have not been observed in these 
experiments, even at large strains, it might be expected 
that as the grain size approached the sub-grain size, 
the contribution of sub-boundary hardening to the 
flow would and in fine-grained 
ferrite work hardening will arise chiefly from forest 
hardening. 


stress become less. 
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The effect of heat-treatment and microstructure 
on the high-temperature ductility of 
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K. J. Irvine, B.Sc., Ph.D., J. D. Murray, A.Met., A./.M., and F. B. Pickering, A.Met., A.l.M. 


INTRODUCTION 


AUSTENITIC STAINLESS STEELS containing niobium 
have been extensively used in the UK and the USA! 
for high-temperature service in steam power plant. In 
both countries difficulties have arisen during service. 


These difficulties have been attributed to the fact that 
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SYNOPSIS 


1» rnvestigation has heen made of the effect Oo; heat 
treatment and. strain on carbide precipitation PLOCeSSES 
so as to correlate the ré sulting miecrostructure s with the 
steel 


niobium. /t was found that NbC can precipitate rapidly 


prope rtie s of an auste niti stainle SS containing 
from the matrix under conditions of plastv« strain. Loss 
of ductility in and hend test 
aliays accompanied hy a fine precipitate of NbC arhich 
hardened the matrix 
deformation better 
to the 


ante rqranuua 


rupture specime? S WAS 


CAUSING the Grains fo resist cree D 
and throwing plastic de formation or 
houndari S 
fracture re 


grain Girain houndary sliding and 
sulted and ductility declined 
sharply. Ductility can be improved by ageing at 900 


atte) solution treatment. LS50 
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TABLE |! Analyses of steels 











study the effect of he: men } strain on the 
irbide precipitation : correlate the 
microstructs e properti { 


itic stainless | y ovate biun 


EXPERIMENTAL 
Three methods were used 


phenomena 


WW cout ’ a rie 
nen t treated at 
LAr ind rupture t temperature 


veen ) und JOO f re ip to 
SOM hh 
in eXamination was carried out o1 wecimMens 
which were solution treated at various tem 
ind then bent at different tempera 
he range 560-950 ¢ 
temperature tensile tests were also 
carried out at various temperatures after differ 
while the steels have high rupture strength, they tend lution treatment conditions to establish 
to have low rupture ductilities after long testing both solution treatment temper 
periods, and this is invariably associated with an ve und testing temperature 
intergranular type of failure. On the other hand, many lity 


actual failures have occurred in the heat-attected : 
zones of highly restrained welds, and an explanation of specimens 10m 
which seems to be favoured in American work? is that 
grain-boundary liquation is responsible for the low 
ductility of this region 

When IS-12.> 1 Nb steel was selected for power plant 
service in this country, tl high-temperature data 
related only to the creep strength which Was very 
good, At about that tim owever, the importance of 
creep ductility was becoming more widely recognized 
and rupture test programmes were initiated. Some of 
the British data was published! in) 1957. when it 
became apparent that the steel could exhibit a low RESULTS 


Rupture tests 


level of creep ductility 
It was also found that low levels of ductility w Ductility measurement 
exhibited during hot bending this type of steel : Pensile and rupture test 
temperatures which were dependent upon the solution — casts of material, the con y 
treatment conditions. A consideration of both this in Table LL. Specimens were lution t ed at LO5O ( 
behaviour and the weld cracking in the heat-atfected ind rupture tested at temp veen JOU) and 
zones. led to the suggestion that the cause of the 700 C using stress values between 3 and 27 tons in®. A 
trouble might be the heating ions in th eat tensile test was also carried out a ich temperature 
affected zone which produc rbid 1 1On The elongation at fracture I upture lite are 
and a reduced ductility given in Table IL. The conventional method of present 
This aspect of the problen namely « irbide precip! ing creep ductility data is to she ongation at 
tation and reduced ductility. appeared t mmo fracture as a function of the rupture | Such a 
feature to the three examples of low ductility des method applied to [&- 12-1 Nb steels shovy 
cribed, especially as much precipitation can b increasing rupture time the creep ductility 
accentuated by straining. It was decided therefore too minimum and then recovers. The time to reach 
investigate the mechanism of low ductility. more minimum ductility decreases as the test temperature 


closely. The main object of this investigation was to increases. Recently. however. Glen has published a 
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on ductility at arious testing temperat 
series Of papers on a new approach to creep problems 
One of these papers? considered creep ductility, and 
showed that the elongation at fracture could be 
expressed as a function of stress rather than of rupture 
time. As will be shown later, this method has given an 
interesting clue to the mechanism of the low creep 
ductility 

Phe ductility values are plotted as a function of the 
rupture time in the conventional manner in Fig.l from 
which it can be seen that the ductility minima occur at 
shorter times as the testing temperature increases 
The graphs in which the data are plotted, in the 
manner shown by Glen, are presented in Fig.2, and it 
can be seen that the stress which produces the mini 
mum ductility approximates very closely to the 0-1°, 
proof stress in a tensile test carried out at the same 
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lution treatment temperature 1050°C 

temperature. The mean curves for all the temperatures 
between 550° and 700 C are superimposed upon one 
another in Fig.3, which that the minimum 
elongation is about the same at each test temperature. 


shows 


Microst) ie ture Ss 

Specimens were examined from various positions on 
the curves shown in Figs.] and 2. The work was con- 
centrated mainly on specimens tested at 650°C, but 
sufficient specimens examined at other test 
temperatures to confirm the general effects which 
were observed, An examination of the optical micro- 
structures showed no effects which could be related to 
the ductility results, and attention was concentrated 
on the structures revealed by electron microscopy 


The 


were 


Tests at 550°C electron microstructures are 
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shown in Fig }. The tensile specimen showed some un 
dissolved NbC but little or no precipitation (Fig.4a 
because of the short time at temperature. In the rup 
ture test specimens, a stress of 25 tons/in? produced 
failure in 206 h with anelongation of 30-5°,,, but in this 
specimen there was no precipitation, and the structure 
similar to that of the tensile test 
Decreasing the stress to 24 tons/in® caused rupture in 
$29 h with a decrease in the elongation to 19-5°,, and 
the structure now showed a fine precipitate of NbC in 
the austenite (Fig.46). Still further the 
rupture stress to IS tons/in® resulted in a life of 
3176 h, and the ductility had decreased to 8-5 

There were now very heavy precipitates of NbC in the 
Fig.4c), and there 
evidence of intergranular cracking as shown in Fig.4d 
Tests at 600°¢ A 
observed with decreasing stress or increasing rupture 
life. as shown in Fig.d. It ean be that as the rup 
ture life increased the ductility markedly decreased 
Associated with this decrease in ductility, 
cipitate of NbC was observed in the matrix 
M,C, carbide was also identitied on the grain boun 


Was specimen 


de« reasing 


austenite was also considerable 


similar series of structures was 


see! 


a fine pre 


sone 


daries, and in some places, especially around undis 
solved NbC, there was preferential precipitation of 
NbC on dislocation lines 

Tests at 650°C 
at this test temperature are shown in Fig.6 
rupture stress decreased and the time to 
increased, the ductility approached a minimum, and 
the 
the 


The struetures which were observed 
As the 


rupture 


this reduction in ductility was accompanied by 
formation of small NbC within 
matrix austenite 

The tensile specimen showed no precipitation of 
small NbC particles (Fig.6a) and the structure showed 
undissolved NbC particles in the matrix 
the rupture stress to 16 tons in® reduced the ductility 
to 10-5°,, and fracture occurred in 90 h. The structure 


pre ( Ipitates 


Decreasing 


showed very many extremely fine NbC precipitates 
throughout the grains (Fig.6). With a rupture stress 
of 14-5 tons in? the ductilitv had further decreased to 
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TABLE 11 Details of rupture test specimens used for micro- 


scopical examination 
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larger Nb¢ structure 
the rupture stress 
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of Nbé Figs 6d and 
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observed 


tpt 


but as rupture life 


creased parti le size of the mcrea 
Phe 
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964 h, and the 
Kig.6e. With 
the ductility and the 
Figs.6f, g, and h precipitated N bt 

ticles were very mu h larger, and fewer in number 
a stress of 6 tons/in® the ductility had 


ductilitv of 6°5 wa 
of LL tons/in 
structure 


a further decrease 
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that show! 
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was similar t 
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structure 


began to Improve 
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recovered t 
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seen temperature 
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urbe 


ind 
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twin t 
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houndaries 


Intergranular fracture 
idatic 


specimen 


tlso along oundaries 
with some det 


speci ill 


also observed 
grain Vv in 


very reduced ductility. 
\t this temperature 
examined, at stresses of 

higher stress of 12 tons in” pro 
and the mict 
NbC. te 


sub bound il 


Tests at 700 ¢ 
mens were 
The 


ductility of 2-8' 


wetner th pretet 
ul d der uda 


boundaries 


very fine precipitate of 
ential precipitation at 
tion effects around the 
Fig.7a). Decreasing the 
m ductility to 


very much coarser (Fig.7b 


austenite grain 
stress to 6 tons in® resulted in 


an mcreast sO NbC) pre 
cipitates were 
It « 


rupture stress in 


n be seen from the graphs of ductility against 
Kig.2 that 


associated with stresses around the 


the minimum ductilities 
) ] proot 


It is sug 
the Q-]° 


were 
stress values at the tem pr rature of testing 
gested, therefore, that at 


stresses above 
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proof stress, some deformation oceurs during loading 
ind leads to precipitation of NbC 


which is responsible for the reduced ductility 


Hardness 
Hardness values were determined at positions near to 
and remote from 


train-induced 


values 


the fracture of the rupture speci- 
mens. While the results were not very conclusive, they 
did indicate that when there was a decreased ductility : 
the regions near to the fracture tended to be slightly 
harder, This have been due to strain-induced 
precipitation. When the ductility recovered at stresses 
below that of the 0-1°,, proof stress the regions near to 
the fracture tended to be slightly softer 


may 


Bend tests 

Ductility measurements 

Specimens from steel no.4 were solution treated at 
varying temperatures between 1050° and 1300°C and 
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ete 
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sooo 


g50-C' The 
bend test was completed in under 5 min so that the 
length of time at temperature was short. The ductility 


of these speciiiens was measured by the bend angle 


bent at temperatures between SOO) anc 


when cracking began, and the results are shown as a 
function of both testing temperature and solution 
treatment temperature in Fig.8. It can be seen that a 
loss of ductility occurred with solution treatments 
above 1100°C during bending at 800° and 825°C. but 
rather higher solution treatment temperatures, of the 
order of 1 150°C were required for the ductility to be 
decreased at a bend temperature of 875 °C. Using bend 
temperatures of 950°C a very high solution treatment 
temperature of the order of 1300°C was required to 
cause the ductility to decrease 

The effect of the bend temperature on the ductility 
when solution treatment temperature of 
1150°C is shown in Fig.9. It can be seen that as the 
bend temperature increased, the ductility decreased, 


usSINg a 
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and reached a minimum in th temperature ranve SOW 
825°C. The ductility then increased again at bend 
temperatures above 850 C. Ifa specimen was solution- 
treated at 1150 C and then aged for 1 h at 900 C. no 
loss of ductilits was observed even at a test tempera 
ture of 800;C at which the minimum ductility was 
observed in solution treated material. Details of the 
testing conditions, the bend angle, and the hardness in 
the strained and unstrained regions of the bend test 
specimen are given in Table III. It can be seen that in 
this series of tests there was a marked relationship 
between the difference in hardness between the 
strained and unstrained regions of the specimen (4H) 
and the ductility. When the ductility was low, the 
specimen was much harder near to the fracture, than 
remote from the fracture, but when the ductility was 
high, there was much less difference between the hard- 
of the strained and unstrained This 
relationship is clearly shown in Fig.9. 


ness material 


Microstructural changes 
Electron micrographs from the strained and unstrain- 


Seren 
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aoe 8 


eda at A00-¢ 


15000 


ed regions of the bend test specimens are 
Fig.l0. After bending at 600 C and 650°C, reasonable 
ductilities obtained the structures of the 
strained and unstrained regions were identical and no 
precipitation of NbC had occurred (Fig.10a). With 
bending at 700 C, the ductility had been considerably 
reduced and it can be Fig. 104), that the strained 
region showed a very fine precipitation of NbC, but 


shown in 


were and 


Seer 


TABLE I! Details of bend tests 
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G 


3000 


there Was no precipitate in the unstrained region — precipitation was often observed 


Fig. lOc). A similar effect of precipitation of NbC in especially around the undissolved Nb 
the strained region, but not in the unstrained region Krom these results it can be seen th 


{ 


Figs.10d and e). was observed after bending at 750 ( induced a heavy precipitation of Nb 


at which te mperature the bend angle had decreased associated with a decreased ductilitv. He 
to 67 . The lowest ductility was obtained by bending bending at 875°C, although there 


i ‘ 


at 825° ( ind while there was a littl precipitation of ‘pit he loss of ductilitv was small 


NbC in the matrix of the unstrained region (Fig.10/ o the fact that the particles were 1 


1 
cipitate of NbC. together with marked denudation — ticles were less than 200 A in dia. the 
effects at the grain boundaries (Fig. 10g Higher greatly reduced, but if the particle 

ductility was obtained during bending at S75 C. and 200 A the ductility was not markedly in 


the strained region showed an extremely heavy pre fact. as shown in Table IV, it seem 


while the unstrained structure showed some precipita As shown in Fig.S, specimens solut 
tion NbC.) a much heavier precipitation was ob 1300 C and bent at 950°C had low duct 
served in the strained regions (Fig.1l0h). However, the 
particle size of the precipitates was greater in the 
specimen bent at 875 C compared with the specimens 


bent at lower temperatures. Ductile bends were 
obtained at 950°C, and the structures of both the 
unstrained and strained regions were identical and 
showed fairly large precipitates of NbC (Figs.10¢ and 
j). These carbides were very much coarser than those 


produced at lower bending temperatures. Preferential 








on ductility during iffect of bending temp« 


ed hy strain-induced 
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structure of specimens taken from the strained region 
showed fine precipitates of NbC. These were no doubt 
responsible for the marked loss of ductility which 
occurred. 

A specimen which had been solution treated at 
1 150°C and aged for 1 h at 900°C was examined after 
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bending at 800°C, The ductility had been completely 
restored. The ageing treatment had precipitated large 
particles of NbC, and the structures in both the 
strained and unstrained were virtually 
identical, consisting of large precipitates of NbC 
(Figs.lla and 5). 
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Tensile tests 
Tensile tests no. at 
L300 ¢ 


can be 


carried out steel 

700-900°C, after solution treatment at L050 
The tensile data are given in Table V. It 
seen that with increasing solution treatment tempera- 
ture the tensile strength increased, and the ductility 


were on 
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decreased, at any given testing temperature. With 
constant solution treatment temperature the strength 
decreased with increasing testing and 
the ductility exhibited a minimum at testing tem- 
peratures of 750-800°C. As the treatment 


temperature 


solution 


temperature increased, however, the overall ductility 


, fons 
ructure 


s of bend test specimens, solution treated 


1150 ¢ 15000 
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11 tment at 1200 ¢ 
was lowered and the minimum occurred over a wider 
range of testing temperatures. These effects are shown 
in Fig. 12 


DISCUSSION 


It is clear from the above results that strain can induce 
rapid precipitation of NbC in IS—-12-1 Nb steels, and 
strain-induced precipitation appears to be largely 
responsible for the loss of the ductility which occurs 
The rapidity with which such precipitation can occur 
is shown by the fact that the bend tests were complete 
in less than 5 min. On the other hand, NbC can pre- 
cipitate fairly rapidly without strain at high tempera- 
tures of the order of 950°C, providing that sufficient 
NbC has been dissolved. The effect of solution treat 
ment temperature on the solution of NbC is shown in 
Fig.l, from which it can be seen that increasing the 
solution temperature markedly increases the amount 
of NbC dissolved in the austenite. 

The mechanism by which strain accelerates precipi- 
tation of NbC must be one of nucleation as it increases 
the number rather than the size of the precipitated 
particles. Plastic deformation increases the dislocation 
densit\ ot 
clearly shown that pre- 

place 


large number 


be 


takes 


and produces a 
It 


precipitation 


possible 


nucleation sites. 


ferred 


can 
on dislocations, 
especially when high solution temperatures have been 
used to produce a high of supersaturation 
Fig.14a). Precipitation also occurs on sub-boundaries 
Fig. 144), 
Fig. 14) 
N bt 


degree 


grain boundaries 
and dislocation arrays around undissolved 


Fig. 14d). 


dislocation pile-ups at 


particles 


TABLE IV_ The effect of bending temperature on the size of 
the precipitated NbC particles 
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Bent 


at S00 ¢ 
fged Lh at 900 C and bent at 800 ¢ 

The mechanism of the loss of ductility is probably 
due to the presence of fine NbC precipitates in the 
matrix, especially if they have precipitated on disloca 
tions. These will the high-temperature 
strength of the matrix grains, and throw much of the 
deformation during high-temperature testing on to the 
with the result that intergranular 
fracture and loss of ductility take place. This process 
is accentuated by the presence of a grain boundary 
denuded Zone which compared with the 
heavily precipitation-hardened matrix, but it must be 
pointed out that such grain boundary denudation is 
not essential for low ductilities because if the grain has 
been strengthened sufficiently, grain boundary defor 
mation and loss of ductility will occur even though 
there is no denudation. Also, if the matrix precipitate 
it has formed either at high 
temperatures, or for long times at low temperatures 
grain boundary denudation need not result in | 


mncrease 
grain boundaries 


Is 


weak 


has overaged because 
mw 
ductility because the matrix is now much less strong 
The mere presence of a precipitate is therefore 
sufficient to cause embrittlement as it must be in a 
form that will strengthen the matrix. Overaged struc 

tures therefore show better ductilities, and it is sug 
vested that the particle size of the NbC must be less 
than 200 A in dia. for severe loss of ductility to occur. 

In the bend and tensile tests the deformation occur 

ring during testing is responsible for the strain-induced 
precipitation and the associated loss of ductility. Such 
precipitation is much more detrimental if the speci 
mens have first been solution treated at a high tem 
perature, because the amount of NbC available for 
precipitation is large. The ageing temperature is also 
fairly critical because at solution temperatures in the 
range L050-1150°C the fine dispersion of NbC is only 
produced at temperatures in the range 750-800 C 
With increasing solution treatment temperature, how 

ever, the amount of precipitated NbC is very much 
greater and a fine precipitate can even occur at tem 
peratures as high as 900°C, with a resulting loss of 
ductility. At such a testing temperature and using a 
lower solution treatment temperature, the precipitate 


hot 
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12 Effect of so 


test temperatures 


ution temperature on ductility at 


would have been both less in amount and of a larger 
particle size so that there would have been little or no 
loss of ductility. Therefore, the temperature at which 
there is a maximum loss of ductility will be deter 
mined by the amount of precipitate which is formed 
the rate of precipitation as affected by temperature, 
the accelerating effect of strain, the size of the pre 
cipitated particles, and the degree to which grain 
boundary denudation Consequently the 
temperature of minimum ductility can vary consider 
ably as the test or service conditions are altered. 

The restoration of ductility when specimens are 
aged at 900 °C before testing at SOO C is the result of 


occurs 


NbC precipitating as a coarse dispersion and thereby 
reducing the supersaturation so that little or no further 
precipitation can take place even under the accelerat- 
ing influence of temperatures. It Is 
obvious that such an ageing treatment must be at a 
temperature at which sufficiently rapid precipitation 
of NbC can occur without the influence of strain, in 
order to reduce the supersaturation to as low a degree 


strain at lower 


as possible 

In the rupture tests, the significant point is that the 
minimum ductility occurs at 
stress which is close to the 0-1‘ 


all temperatures at a 
, proof stress. It is sug 
gested that dislocations are generated by the plastic 
and that 
quently, NbC precipitates nucleate upon many of 
these dislocations and grow 


strain which occurs during loading subse 


with increasing time of 
testing. It is these precipitates which are responsible 
for the loss of ductilitv. When very large amounts of 
plastic strain occur during testing. as in the 
strain rate tests such as a test 


high 
while strain- 
induced precipitation can take place, the time of test 


tensile 
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lreatment ! > lota 

mo ¢ 0-945 
1os50 Cc, } 7 O-“so 
1150 ¢ l 4 0-945 
1250 


13° Effect of 


swohium 


0-940 


temperature on solubility of 


ingy Is so short that at the temperatures which have 
been examined, i.e. 500-700 C, the amount of precipi 
tation is very small and the ductilities are therefore 
relatively high. As the rupture tests become more pro 
longed at lower stresses, the strain-induced precipita 
tion becomes more evident and the duc tility therefore 
decreases. When the stress used in the rupture test is 
below the 0-1° 
activation because there is no plastic deformation on 


, proof stress, there is much less strain 
loading. Consequently, there is little acceleration of 
precipitation during even lengthy periods of testing 
because the only plastic strain is the relatively small 
creep deformation, and what precipitation does take 
place becomes markedly overaged and does not «ce 
crease the ductility. Hence the ductility is restored in 
the specimens tested at stresses below the 0-1°, proot 
stress 

It has already been shown that the minimum creep 
ductility during rupture testing occurred at increasing 
Fig.1). If the 
process controlling this minimum in ductility is one of 
diffusion, then the time for the minimum ductilits 
should be related to the temperature of testing by an 
equation of the tvpe 


times, the lower the testing temperature 


le QR 


where f—time to minimum ductility, 7’ —absolute 


TABLE V_ The effect of solution treatment temperature and bending temperature on the tensile properties 
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temperature, (J=activation energy for the process, A 
and #& are constants. A graph of log ¢ against 1/7 
should give a straight line, the slope of which will be 
the activation energy Q. 

Sufficient data was not available to obtain the time 
for the minimum ductility at all the temperatures 
examined, but if an arbitrary low ductility value was 
selected, the times to reach this ductility at tempera- 
tures of 550-650 °C gave a straight line graph for log t 
plotted against 1/7’, and the value of Q was about 
18000 cal/g-mol. This was much less than the value 
for the diffusion of niobium in austenite, but Cottrell® 
has suggested how the measured value can be correct- 
ed for the accelerating effect of strain on the diffusion 
process. Using this correction, a value was obtained 
lying between 13300 and 18600 which is of the same 
order as that measured, indicating that it is the diffu- 
sion of Nb in the austenite which is the controlling 
mechanism for the loss of ductility. 

It has already been shown that there was a marked 
correlation between the ductility in the bend tests and 
the hardness increase in the strained regions of the 
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specimens. This hardness increase may have been 
partly due to some work hardening, but it is also the 
result of precipitation hardening. There is in fact. a 
marked relationship (Fig.9), between the hardening 
which takes place during bending and the loss of 
ductility, and this cannot be explained only on the 
basis of work hardening. 

NbC precipitates often oecur preferentially upon 
dislocations, especially after solution treatment at high 
temperatures. Preferential precipitation can also 
occur on dislocations around undissolved NbC_ par- 
ticles (Fig.14d), and it has been suggested that this 
type of preferential precipitation results from the dis 
locations generated by the differences in coefticient of 
expansion between the NbC and the matrix.” Disloca 
tions could also be formed when NbC dissolves in the 
austenite, and near to undissolved NbC particles the 
supersaturation will be high, which will contribute to 
forming arrays of preferential precipitates. 

Preferential precipitation of NbC on dislocations 
would be expected to be a powerful means of strength- 
ening the material at high temperatures when relatively 
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few dislocations are responsible for the plastic 
deformation. These dislocations will be pinned by such 
precipitates so that the high-temperature properties 
will be improved. At high strain rates, however, such 
as in a tensile or hardness test, when very many dis- 
locations are generated, the locking of a number of 
dislocations by precipitates would have less effect on 
the strength. 

It has recently been shown that preferential pre 
cipitation can occur on dislocations during warm 
working,’ and this effect is strain-activated precipita 
tion. Such precipitation would be expected to improve 
the high-temperature properties and this is indeed the 
case, since it is well known that the creep strength is 
increased by warm working 

It has been clearly shown in Fig.13 that increasing 
the solution treatment more 
niobium to dissolve in the austenite, and this results in 
more precipitation of NbC and a greater loss of dus 
tility. This effect can occur in the heat-affected zone of 
a welded component which is under restraint, and the 
strain can readily activate precipitation so that a loss 
of ductility can result. Such may well be the explana 
tion of cracking in highly restrained welded joints. It 
has also been observed that precipitation of NbC can 
take place during welding with IS—-12-1 Nb. weld 
metal under some conditions, and may contribute to 
weld metal cracking and low ductilities. 

Practically, it can now be appreciated that the 
subsequent properties of this type of steel are very 
dependent on the solution treatment conditions. It is 
essential that there is sufficient niobium dissolved to 
give the requisite level of strength, but too much 
dissolved niobium will lead to very much poorer due 
tilities. The solution treatment must theretore effect a 
compromise between strength and ductility, but 
should the tendency to lack of ductility still be too 
great, it can be removed by an ageing treatment at 
900-950 °C which will precipitate NbC in an innocuous 
form. The strength will then probably have to be 
restored by a correct solution treatment of 1050°C 


temperature Causes 


CONCLUSIONS 

An examination has made into the conditions 
affecting the loss of ductility in IS-12-1 Nb austeniti: 
stainless steels, and the relationship between micro 


been 


structure and the resulting properties has been estab 
lished. The main conclusions which have been drawn 
from this work are as follows 

1. Precipitation of NbC can occur rapidly from the 
matrix of IS-12-1 Nb steels the 
activation of plastic strain 

2. In the rupture tests, this precipitation produces 
a fine precipitate of NbC at temperatures of 550 
700°C when the applied stress is sufficient to exceed 
the 0-1°, proof stress, and plastic deformation occurs 
during loading. At stresses lower than the 0-1°, proof 
stress, any precipitation of NbC occurs over much 


austeniti under 


longer times, and is formed in a very much coarser 
dispersion. 

3. In the bend tests, the strained the 
specimens showed a much heavier precipitation of 
NbC than did the unstrained regions, and with increas 
ing bend test temperature the size of the precipitated 
NbC particles became larger. 

4. The loss of ductility in both rupture and bend 
test specimens was invariably associated with a fine 


regions of 
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yeneral precipitate of NbC which caused hardening of 
the matrix so that the grains became more resistant to 
creep deformation and the plastic deformation was 
largely thrown on to the grain boundary 
Under these grain boundary sliding and 
intergranular fracture resulted, with a marked loss of 


regions 


conditions 


ductility 


5. The results of both bend and tensile tests showed 
that the loss of ductility was more pronounced and 


occurred over a wider temperature range as the solu 
tion treatment temperature in reased, because of the 
larger amount of niobium available in solution for 
precipitation as NbC 

6. The conditions decreased duc 
tility that there should be fairly 
large amounts of NbC available for precipitation, that 


some plastic deformation should be applied during the 


necessary for a 


to he observed are 


prec ipitation process and that the ure neral dispersion 
of the precipitated NbC should cause marked strength 
ening of the matrix. If the Nb¢ 
not strengthen the matrix, as occurs in very long time 
rupture tests, or in bend tests above the duc 

tility is not adversely affected 


is overaged and does 
S50 


7 While vrain boundary cle nudation Is a contribut 
ing factor to the loss of ductility 
feature, since if the matrix precipitate is 
the ductility will be 
boundary denudation 


it is not an essential 
Coarse and 
overaged high despite grain 

8. It is possible to improve the ductility, especially 
in bend and tensile tests by ageing at 900 C after solu 
but before testing. This precipitates 
coarse NbC particles and lowers the amount of NbC in 
solution to such an extent that on subsequent testing 
in the range for 
NbC precipitated to give 
treatment 
the 


SeT VICE 


tion treatment 


normal temperature low ductilits 
the 


will 


there is insufficient 
effect. This prior ageing 
lower the strength. and 
solution treated before 


however 
material must be re 
Such an ageing treat 


ment. however. would enable fabrication to be carried 
out with less risk of cracking 

9. It has been shown that 
that 


ted with warm working 


NbC 


condition 


Can precipitate on 
which is usually 
it is believed that the 


the 


dislocations and in 
asSOCL 
optimum effect is exerted in 
strength 

lO. A sugge 


iffected 


Mproving creep 


the heat 


degre es of 


that 
high 


strain-induced 


stion has been made 


Zone Cl icking It} welds ot 


restraint is associated with precipita 


tion 


ACKNOWLEDGMENTS 

The authors wish to thank Mr F. H. Saniter, director 
of research, The United Steel Companies Ltd, for per 
mission to publish this paper, and gratefully acknow 
ledge the courtesy of Mr H. W. Kirkby of Thos. Firth 
and John Brown Ltd who supplied some of the rup 
ture test specimens tested at 650°C 


REFERENCES 
W17 


no0.43 


IME, 1957, 171, (34), 911 


Res, Council Neries 


JISI 189, 333-343 
/., 190, 114-135 


30-39 


G58 


LL: thid 19 
and M. J 


>) 


7, 187, 219 22 


ARROWSMITH: Private communica 


Journal of The Iron and Steel Institute October 1960 





Some ductility aspects of 18—-12-1Nb steel 


R. J. Truman, A.Met., A.M. and H. W. Kirkby, A.Met., F.1.M. 


INTRODUCTION 
SEVERE CRACKING TROUBLES have been experienced in 
steam power plants with certain I8—-12-INb steel 
(Type 347) weldments which involved a high degree of 
mechanical restraint during the initial welding. In 
most cases reported,!~* the cracking occurred in the 
heat-affected zone of the parent metal and appeared to 
start at or near the junction between the parent metal 
and the weld. A typical example of the type of crack- 
ing which occurred is shown in Fig.l, which clearly 
indicates its intergranular nature. As far as could be 
judged, the cracks started from the outside surface 
and extended inwards as well as circumferentially 
(see Fig.2), ultimately giving rise to steam leaks. 

Apparently the failures were due to creep, but some 
weld joints seemed to have failed in quite short times, 
which was not consistent with either the design stres- 
ses employed, the general conditions of service, or the 
known capacity of 18—12—1Nb steel to resist creep. 

In reviewing the information available’? on the 
properties of this steel, the creep and rupture proper- 
ties appear reasonably reproducible, but the ductility 
behaviour in creep is very variable, the results showing 
a wide scatter. Thus, 18-12-INb steel can show very 
low creep ductility which might account for the 
troubles experienced in service, and when it is con- 
sidered that a weld junction could behave as a notch, 
both factors could contribute to premature failure. 

More recently, however, instances were reported*: ® 
where cracking had apparently developed during 
stress relieving operations after welding, and before 
use under service conditions. 

Development of weld heat-affected zone cracking 
after stress relieving has also been demonstrated on 
experimental welds, and Fig.3 illustrates cracking 
very similar to that obtained on production welds, but 
produced in the authors’ laboratory. This evidence 
suggested that some explanation other than poor 
creep ductility as ordinarily understood was responsi- 
ble for failures of the type in question, and over a 
period of time various explanations have been pre- 
sented, the current one arising principally from the 
work of Nippes ef a/.'®!! and Puzak and Rischall.?” 

These workers found that 18—-12-1Nb steel exhibited 
Paper MG/J/48/60 of the High-temperature Steels Committee 
and Joint BISRA-E.R.A.Steelmakers’ Panel of the Metallurgy 
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SYNOPSIS 

We ld junction Zone cracking has hee n” e0 pe rience d in the 
UK and the USA in 18—12-INb steel ( Type 347) we ld- 
ments where the de qree of mechanical restraint is high. 
Laboratory rupture tests across welded joints in 18-12. 
INb steel have also indicated a tendency to failure in the 
position where cracking in service has been encountered. 
In addition, cracking identical with service failures has 
been produced under laboratory conditions during post- 
welding stress-relieving treatments. 

A series of short-time tensile tests at temperatures from 
600-1250°C has been carried out on 18—12—-1Nb steel 
heat-treated at high solution te mperatures to simulate 
the thermal treatments obtained in weld heat-affected 
zones; two regions of low-tensile ductility, one at around 
850°C and one at 1100°C. were found. The low ductility 
zone at 850°C is attributed to strain-induced precipitation 
of niobium carbide, and it is postulated that such a 
mechanism could explain the ‘conditioning of the weld 
junction in 18—12—-INb steel, thereby rendering the steel 


LS51 


highly susceptible to cracking. 


a marked degree of hot shortness when tested at 
temperatures of 2400-2500 °F (1315-1370 C) and that 
this low ductility persisted on cooling to 2200°F 
(1205°C) following initial heating to 2400—-2500°F. 
They concluded that this property of 18-12-1Nb steel 
could give rise to cracking in the weld heat-affected 
zone in weldments involving a high degree of restraint. 
The low ductility region was attributed either to pre- 
cipitation at grain boundaries of some phase taken into 
solution above 2400 F, or to the presence of actual 
liquid phase at the grain boundaries at these tempera 
tures. 

While the hot shortness of I8-12-INb steel at very 
high temperatures could undoubtedly contribute to 
the welding troubles experienced with this steel, the 
existence of a low ductility region between 2450°F 
(1340 C) and 2200 F (1205°C) does not appear to 
supply a complete solution to this particular problem, 
even though some evidence of niobium carbide fusion 
has been observed in the region of the weld junction 
by the authors. For example, the work of Nippes et al. 
does not explain why cracks occur in L8-12—-1Nb weld 
heat-affected zones during stress relieving at 750°C. 
Neither does it explain why laboratory creep rupture 
specimens taken from 1IS-12-INb weldments, stress 
relieved at 750°C, fracture in the weld heat-atfected 
zone, practically at the weld junction, when tested at 
650°C, but fracture in the parent material well away 
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100 


from the weld junction if initially stress relieved at 
850 Cor 1050 C. In all these cases, the test pieces were 
examined and were free from defects before testing 
The results of this latter work are given below. 
Further work instituted in an attempt 
answer some of the problems outlined above 


Was to 


DETAILS OF INVESTIGATION 

Creep rupture tests across 18 12 1Nb welds 

Before any specific investigation into weld cracking 
troubles with IS—-12-INb steel, work at the Brown 
Firth Research Laboratories included a programme of 
testing across welds in austenitic steels. Test pieces* 


2 in., parallel with weld at the centre 


* 0-357 in. dia 


2 Surface view of heat-affected zone cracking, showing crack 


following contour of weld run Actual size 


racking produced r whoratory 


ynaitions 


were taken from an 18—12—-INb steel pipe (14 in. thick 
by 8 in. bore and solution treated at 1050 °C followed 
by air cooling) which had been welded with Armex GT 
electrodes. Details of the pipe and weld compositions 
are as follows 


Material Mn Ni Mo 
I8-12-INb 
steampipe 
Armex GT 


pical 


O-12 O-37 1-21 11-65 
weld 
metal (ty 0-08 0-64 2-21 9-18 


After machining, and before creep rupture testing, 
all test pieces were lightly etched and examined micro- 
scopically; no unsound test pieces were used in the 
investigation 

Figure 4 summarizes the results of stress to rupture 
tests carried out at 650 ( welded and unwelded 
test pieces The welded test pieces were tested both 
as welded’ and after stress relieving at 750 C for 3 h. 
All the welded test pieces failed in the parent metal 
very close to the weld junction, as in the case of the 


on 


a 


4 Stressto rupture tests at}650°C on welded and unwelded test 


preces 
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°C,AC+3h at T50C—4 











5 Comparison of rupture behaviour of 18-12 INb steam pipe at 
650°C (after solution treatments of 1050° and 1350°C) 
service failures, except for one test (4 tons/in*) lasting 
about 50000 h, which failed in the weld deposit. The 
laboratory test pieces differed from the service failures, 
however, in that cracking was roughly parallel to the 
weld junction through the section of the test piece. 
Similar tests on other welded pipes, plates, etc. tested 
under the same creep rupture conditions also cracked 
at the weld junctions. However, test 
relieved at 850°C and 1050°C did not fracture at the 
weld junction, but failed in the parent metal well away 
from the heat-affected zone 

All the fractures were intercrystalline in character, 
but it was not possible to obtain actual ductility 
measurements in the junction zone where cracking was 
initiated. The impression gained, however, was that 
the junction zone was greatly lacking in ductility, and 
it was on this account that it was decided to investi- 
gate the strength and ductility of 18-12—-INb steel 
after various heat-treatments and at various tempera- 
tures. 

As failure in most of the creep rupture tests across 
welded IS-12-INb steel occurred in the parent metal 
close to the weld deposit, it was obvious that any 


pieces stress 


investigations into the behaviour of this steel during 
welding would have to be based on high solution treat- 
ments at temperatures practically up to melting 
temperature. This temperature range was determined 
examination of solution treated 
which indicated that the boundary fusion on a micro- 
1350°C. The 


treatment temperature used for subsequent investiga 


by micro samples 


scale occurred just above top solution 
tions into ductility and strength aspects was therefore 


restricted to 1350 C maximum. 


Creep rupture tests on 18 12 1Nb parent material after 
high solution treatments 


+: j 
Since il] 


practically 
welded 18-12-1Nb components failed in the weld heat 


affected zone when tested ‘as welded’ or after stress 


across 


the creep rupture tests 


relieving at 750°C, it appeared that the parent material 
in the vicinity of the weld junction had a lower rupture 


strength than either the weld deposit or the unaffected 
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© AC 1IOSOC 

11 SO°C 

1250°C 




















100 , 800 
TEMPERATURE, C 
6 Te nsile ele vated 


specimens O- 357 in. dia. 


tests at temperatures, 18-12 INb steel 


parent material. Considering heat-treatment effects 
alone, this behaviour was somewhat surprising since 
it was known that the creep and rupture strength of 
18-12-1Nb steel tended to improve with increasing 
solution treatment temperature. This is confirmed in 
Fig.5, which compares the rupture behaviour of pipe 
material in the 1050°C AC condition with that of 
material resolution treated at 1350°C, and given a 
simulated stress relieving at 750°C. While the 1350°C- 
750°C treatment only marginally improves the rupture 
strength in this instance, it is obvious from the results 
that high solution treatment alone is not the controll- 
ing factor in regard to the apparent loss of strength 
near to the weld junction. 

A further feature was considered in this respect; 
there is evidence that the contraction 
heavily restrained weldments due to the cooling from 
the welding temperatures actually cause a ‘warm 
working’ effect in both the weld metal deposit and the 
weld heat-affected zone of the parent material. “Warm 
working’ of austenitic steels is well known in regard to 
its effect of improving creep and rupture strength!’; 
it is probably less well known that either cold working 
or warm working austenitic steels reduces rupture 
ductility. 

Rupture tests at present in progress on Armex GT 
weld metal deposited under conditions of high and low 
restraint indicate that rupture behaviour is signifi- 
cantly improved for weld metal deposited under highly 
restrained conditions, such as occur during fabrication 
of butt welds in thick-walled piping. The general 


stresses 1n 





behaviour is consistent with the weld deposit under- 
going ‘warm working’ by the plastic strains occurring 
during cooling from weld heat. It seems reasonable to 
expect that the parent metal adjacent to a weld will 
suffer plastic deformation in a similar manner to the 
actual weld deposit, yet on the evidence of the rupture 
testing, the rupture strength of the weld junction is 
lower than would be expected from its treatment and 
subsequent ‘warm working’. From this, it would 
appear likely that failures near the weld junction in 
creep rupture specimens cut from 18—-12—-1Nb weld- 
ments might be associated more with very poor creep 
ductility of the junction material than lack of rupture 
strength per se. It follows from this that the cracking 
troubles experienced during fabrication or service 
could be due to a similar cause. 

As a result of this, the hot ductility of 18-12-1Nb 
steel was examined more closely, and a preliminary 
series of tensile tests was carried out at various tem- 
peratures, after initial solution treatments up to 
1350°C, 


Tensile tests at elevated temperatures 


The tests were carried out on bar material with the 
following composition: 


© Si Mn Cr Ni Nb 


0-09 0-73 1:37 17-28 11-75 0-70 


Initial solution treatment temperatures of 1050, 


1150, 1250, and 1350°C were used, and tests carried 
out at 600, 700, 800, and 900°C for each solution treat- 
ment. Figure 6 shows ultimate strength and 0-2°% 
proof stress plotted against test temperature, and 
Fig.7 shows tensile ductility plotted against test 
temperature. Increasing solution treatments gave a 
slight increase in ultimate strength, with a slight 
lowering of 0-2% proof but the proof 
stress levels after the higher solution treatments were 
maintained to higher test temperatures. Thus, at 
900°C, the 0-2°,, proof stress, after an initial solution 
treatment of 1350°C, was as high as the ultimate 
stress of the 1050°C treated samples. 

From Fig.7, it will be seen that increasing solution 
treatment temperatures resulted in a marked deterior- 
ation of ductility in certain temperature ranges, 

These results were obtained by normal tensile 
testing of 0-357-in. dia. specimens (2 in, gauge length). 
Test pieces were heated up to test temperature in 
30-45 min, but soaking time at test temperature was 
somewhat shorter than normally used and approxi- 


stress, 
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& klongation va obtained after various solution treatments 


mately 15 min was found to be sufficient to obtain 
reasonably steady temperature conditions. 

A loading rate of 5-6 tons/in®/min was used up to 
the yield point, and the testing time was 5-10 min to 
fracture after straining started 

An extensive series of tests was programmed based 
on this preliminary work, and a simpler method of 
testing was adopted, with the aim of investigating 
ductility effects only 

A #-ton Denison rupture test machine was modified 
to carry out short-time tensile tests. Test pieces 
0-1795 in. dia., with a 4 in. gauge length, were as 
sembled in gluts and inserted into a warm furnace, the 
time to reach test temperature averaging 15-20 min 
To avoid undue soaking times at test temperatures, 
for the main series of tests, straining started when the 
temperature recorded by the thermocouple attached 
to the specimen was within 2-3°C of the required 
temperature. Straining was carried out manually and 
time to fracture ranged from 4-8 min (this gave a 
strain rate of about 0-03 in./in./min up to yielding). 
With this equipment it was possible to cover test 
temperatures from 600° to 1250°C, 

To ensure consistency in heat-treatment, all test 
blanks were rough turned to 4 in. dia. before treat- 
ment and held at treatment temperature for about 
3 min at solution temperatures of 1250°C and above 
and for 15 min at solution treatment temperatures 
below 1250°C. 

Several casts of 1S-12—1Nb steel were examined and 
all showed similar trends in ductility to the cast 
reported in Fig.7, so that further testing was confined 
to the first cast 

In the new series, test temperatures were extended 
to 1250°C and, as mentioned the tests were carried 
out on the small Denison machine using the short 
soaking time procedure. 

The elongation this material 
after various initial solution treatments are given in 
Fig.8, the values resulting from the AC 1050°C and 
AC 1100°C solution treatments comparing reasonably 
well with normal tensile tests reported on 18—12—1Nb 
material. A drop in ductility at test temperatures in 
excess of 1200-1250°C was anticipated from the 
results reported by Puzak and Rischall.'* 


values obtained on 
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9 Effect « re-soak 


weg 


ing for 1h at test temperature hefore strain 


Raising the initial solution treatment temperature 
to 1200 C resulted in the occurrence of a ductility 
trough at 750-800 ©, followed by recovery. After still 
higher initial solution treatment temperatures (1250 
1350 C), the trough initially at 750-800 C was dis- 
placed to slightly higher temperatures, finally giving 
a minimum in ductility at 850°C for an initial solution 
treatment of 1350°C. In addition, recovery from this 
ductility trough occurred only up to temperatures of 
around 900-950 C and was followed by a further 
trough at around 1 100°C. This second ductility trough 
resulted in somewhat lower ductility values than did 
the earlier trough, and values as low as 3-5°, elonga- 
tion at 1 100°C were recorded following an initial solu- 
tion treatment of 1350°C 

Owing to the particular method of testing used, it was 
difficult to investigate the effects of different straining 
rates in detail, but the general trend of results obtained 
indicated that slower straining rates moved the first 
ductility trough (SO00-850°C) to a slightly lower tem- 
perature. It was considered that longer soaking times 
at test temperature before straining would probably 
result in a similar effect. and a further series of tests, 
after an initial treatment of 1350 C, was carried out, 
with a soaking time of 1 h at test temperature, instead 
of straining as the test temperature was 
approached. Figure 9 shows the results of these tests, 
compared with those obtained by the original pro 
cedure, and indicates that both minima (S00-850°C 
and 1100°C) are displaced to lower temperatures by 
the time at test temperature before 


soon as 


increasing 
straining 

This latter series of tests also indicated that below 
800°C, soaking times of up to | h had no significant 
effect on the ductility values, but that a significant 
increase was obtained at 850 C. A further series of 
tests was therefore carried out, again after an initial 
solution treatment of 1350°C, but with every test 
treated for 3 h at 850°C before testing in the normal 
manner, i.e. with a very short soaking time near the 
test temperature before straining. Results from this 
series are shown in Fig.1l0 with the original 1350°C 
solution treated results for comparison 

A marked reduction of the first ductility trough was 
observed as a result of this pretreatment at 850°C, and 
the specimen tested at 850°C after 3 h soaking at 850°C 
gave an elongation at rupture of 23°, compared with 
14°, after 1 h presoak and 6°, with no presoaking 


before testing. A further series with a pretreatment of 


16 h at 850°C after the initial AC 1350°C solutien 
treatment, resulted in even further improvement, and 
the original ductility trough at 800-850°C was virtu- 
ally eliminated by this treatment. These results are 
also plotted in Fig.10. At test temperatures above 
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EMPERATURE 
’ 


10 Uffect of pre-treatment at 850°C before straining 


900°C, however, the elongation values after both the 
3h and 16 h pretreatment at 850°C dropped rapidly 
and were of the same order as those obtained from the 
straight 1350 C AC treatment. 

These results demonstrated that a suitable pre- 
ageing treatment could eliminate the ductility trough 
experienced during testing up to 900°C, and it was 
considered that a slower cooling rate from the initial 
solution treatment temperature should show similar 
effects. Further samples were therefore treated at 
1350°C for 3 min, followed by cooling in the furnace 
instead of air cooling as previously. This resulted in a 
cooling rate of about 400°C/h at 1100°C and 220°C/h 
at 850°C. Tensile tests between 600° and 1250°C 
resulted in the ductility values shown in Fig.11, with 
the original values for 1350 °C AC initial treatment for 
comparison. These results indicated that the two low 
ductility troughs were practically eliminated by this 
treatment, though two troughs at higher levels of 
ductility were obtained 

The ductility curves shown in Fig.8 indicated that 
with the 1350°C solution treatment, elongation values 
®. were obtained at 850°C. A series of tests 
was strained various amounts at 850 C without con- 
tinuing to fracture, and subsequent micro-examina- 
tion indicated that surface 
occurred after strains as low as 1°,. This feature is 
shown in Fig.12. Similar tests at 650°C and 900°C, 
where the ductility values at rupture were higher, 
indicated that proportionally higher strains 
necessary to produce similar intergranular surface 
cracking. This feature was not found, however, at 
1100°C, i.e. at the temperature of the second ductility 
trough. Here, tests on material initially treated at 
1350 C AC showed no intergranular surface cracking 
after strains as high as 2°,, even though the ductility 
at rupture at this temperature was as low as 3-5°, 
elongation, and the mode of fracture was intergran- 
ular. 


as low as 6 


intergranular cracking 


were 


There appeared to be several interesting features 
connected with the cracking found at low strains at 
850 C. Firstly, although at 850°C surface intergranular 


cracking was found with strains of about 1°,, these 
remained only about | grain deep after strains as high 
as 3 to 4%, although more numerous. A further series 
of samples strained approximately 3% at 850°C and 
containing surface cracks was then broken at tem- 
peratures as low as 600°C and showed reasonable 
ductility at rupture (12°, at 600°C) which suggested 
that between 600° and 850°C these intergranular 





11 C‘'omparison oO air cooling and furnace cooling from 


1350 


cracks, although readily initiated, did not readily 
propagate under the particular test conditions em 
ployed. 

Although the object of this investigation was to 
study ductility behaviour of IS-12-INb steel, it was 
considered useful to investigate other austenitic steels 
under similar test conditions. For this 
limited amount of testing has been carried out on a 
non-stabilized 18-8 steel, titanium-stabilized 18—S—Ti 
and 17—-11-Mo steels. The results of these tests follow 


purpose, a 


Is. S r O54 1-84 17 
Is-S-Ti 


17-11-Mo OOD 


88 1-64 18-03 


0-19 1-69 16-38 


Preliminary examination indicated that these steels 
treated up to 1375 C 
boundary fusion effects, and this was adopted as the 
initial solution treatment temperature for this series 
Ductility curves are shown in Fig.13 for this series 


could be without causing 





| © 18-8 ((375°C,AC 


x 18-42-41 Nb (13S0°C, AC) | 


' | | ’e 
@ 18-8-T; (1375°C, AC) ! + / 
x 18-124Nb (13S0°C, AC) y, 
i. aid 
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700 800 900 1\OOO 
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TEST TEMPERATURE, °C 


1300 


13 (a—c) ¢ omparison of tensile ductilities of steels as shown 
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of steels, comparisons in each case being made with 
18—12-INb steel (1350°C solution treatment). 

These results show that while the general ductility 
level of these materials is somewhat lower than for 
normal 1050°C solution treatment, the marked low 
ductility troughs found with 18-12-1Nb steel are 
absent, suggesting that the low ductility is related 
primarily to the niobium addition. 


Micro-examination 

Most of the test pieces used to obtain the ductility 
curves for 18-12-INb steel, particularly after the 
1350°C AC initial solution treatment, were sectioned 
for micro-examination. Specimens tested between 
600°C and 950°C, i.e. covering the lower temperature 
ductility trough, indicated only minor structural 
changes as assessed by normal optical microscope. 
3oundary precipitation was obvious on these speci- 
mens, and assumed to be M,C, type carbide, from 
previous experience with this steel. Specimens tested 
at 800-900°C also showed some change in the appear- 
ance of the matrix, although actual precipitation could 
not be resolved. 

In the range 950-1050°C, boundary precipitation 
was apparently less than at lower temperatures, but 
above 1050°C precipitation on boundaries and in the 
grain became increasingly easier to resolve. At the 
highest temperature examined, i.e. 1250°C, the 
amount of precipitation appeared to be decreasing 
generally. 

It became obvious that the effects responsible for 
the wide variation in tensile ductility could not be 
resolved by optical microscope examination, and for 
more detailed study selected samples were examined 
by electron microscopy by Associated Electrical 
Industries (Manchester)Limited. Their detailed exam- 
ination will form the subject of a separate paper, but 
preliminary indications are that the ductility trough 
at 850°C is associated with a very finely dispersed pre- 
cipitation of niobium carbide. No such precipitation is 
apparent at 650°C, where ductility at rupture was 
relatively high. At temperatures above 850°C, the 
precipitates in the matrix appear to be in an over-aged 
condition, the particle size and dispersion increasing 
with temperature. Type M,C, carbide was detected 
on grain boundaries in samples tested up to at least 
1050°C. A marked denudation effect in’ regions 
adjacent to the boundaries found with 
samples tested at 950-1 LOO?C. 

Pre-ageing at 850°C was found almost to eliminate 
the lower ductility trough in subsequent testing, and 
it was confirmed that this treatment caused precipita- 


was also 


tion of discrete particles of niobium carbide generally 
throughout the matrix, thus significantly reducing 
subsequent strain-induced precipitation effects during 
testing. 


DISCUSSION OF RESULTS 


It has been shown that after high solution treatments 
comparable with those attained in weld heat-aflected 
zones, IS-12—INb steel exhibits 
ductility in two temperature ranges, around 
850°C and around 1100°C. This behaviour is 
related to solution treatment temperature, the duc- 
tility decreasing with increasing solution treatment 
temperature. On the evidence available, both the low 
ductility troughs appear to be due to carbide solution 


very low tensile 
one 


one 
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and precipitation mechanisms, and, so far, are pecu- 
liar to niobium-stabilized steels. A super-saturation 
effect caused by rapid cooling from high solution 
treatment temperatures Is necessary to promote these 
effects. 

The ductility trough found at 850°C is due to strain- 

induced precipitation of niobium carbide during actual 
testing. This apparently results in strengthening of the 
matrix compared with boundaries, and causes most of 
the straining to occur in boundary regions with result- 
ant intergranular failure at low overall elongations. 
3oundary precipitation of M,C, type carbide may 
also have contributed to some degree. The strain- 
induced precipitation occurs rapidly at temperatures 
approaching 850 C, as these effects were found in tests 
of only a few minutes’ duration. Pre-ageing at 850°C 
has been shown virtually to eliminate subsequent 
strain-induced precipitation, as assessed by this par- 
ticular method of testing. 

The second ductility trough at 1100 C is obviously 
also dependent on solution and precipitation effects, 
as judged by the various ductility trends reported, 
and so far no evidence has been found to show that it is 
associated with precipitation of any phase other than 
niobium carbide 

Rapid over-ageing of matrix precipitates at test 
temperatures above 850°C causes some recovery of 
ductility, and though the evidence indicates that par- 
ticle size and dispersion increase with increasing test 
temperature, recovery of ductility occurs only up to 
950°C and is followed by the second ductility trough 
at L1OO'C. 

Supplementary tests to investigate this higher 
temperature ductility trough indicate that the mech- 
anism causing these low ductility values is operative 
only in this high temperature range. Tests ‘“pre- 
conditioned’ to give the structures found in the tensile 
tests strained at 1000-1 100°C were found to give good 
ductilities at room temperature, 600°C, 800°C, and 
850°C. The ‘pre-conditioning’ was carried out on tests 
initially solution treated at 1350°C AC, which were 
then re-heated to temperatures of 1O00°C and 1 100°C, 
held for times of 1 h and 5 min respectively, then 
rapidly cooled. 

Other tests were strained up to 2°, at 1100 °C with- 
out testing to failure, cooled rapidly, then re-tested at 
various temperatures 

The following test results were obtained from this 


series 


All tests initially 1350°C AC 

Test 
Pre-conditioning treatment temp., 
Lh 1000°;C AC 
5 mun L1LOO \( 20 
5 min 1100 A‘ 600 
5 min 1100 \( ROO 
5 min 1100 AC S50 
5 min L100 l 
1ioo Cc AC 
5 min L100 
Li0oc AC S50 
5 min 1100 
Llooc At 20) 
5 min L100 


L100 ¢ \C 


Duetility, 


ooo 


*>) Strain at 


600 95 


that the 
either before or during straining at test temperatures 
in the LOOO-L100°C range do not to affect 


These results indicate structures produced 


appear 





ductility adversely at any other temperature. In fact, 


the effects normally found at 850°C. i.e. the lower 


ductility trough after 1350 C AC are virtually elimin- 
ated by the 1100 C pretreatment 
However, pre-ageing at 850°C, while practically 
eliminating the lower ductility trough, did not signifi- 
cantly alter the ductility behaviour in the 1 100°C 
region. Examination of specimens tested above 950°C 


showed well dispersed over-aged precipitation in the 
matrix with marked boundary depleted regions, this 
latter feature persisting up to 1 100°C. It is tentatively 
suggested that at temperatures as high as 1 100°C, the 
matrix strength is so low that the dispersion of these 
over-aged precipitates, coupled with boundary deple- 
tion effects, could again result in straining occurring 
mainly in boundary regions during testing and results 
in low overall elongation with intergranular failure 

At even higher temperatures, | 200-1250 °C, which 
are approaching the initial solution treatment tem- 
perature ranges, the amount of precipitation occurring 
at test temperature becomes progressively less and 
some ductility recovery should, and does, occur. 

Furnace cooling from 1350 °C resulted in precipita 
tion of exceptionally coarse particles which were well 
dispersed, and after re-heating to test temperatures 
around 1100°C, the structure was not significantly 
altered. This conforms with the good ductility values 
recorded after the furnace cooling treatment. 

It is interesting that the ductility curves for Type 
347 steel, reported by Nippes et al., showed no indica- 
tion of a ductility trough at around 1100 °C with tests 
carried out during cooling from temperatures of 2400 
2500° (1315° to 1370°C). This can probably be ex 
plained by the different testing techniques employed 
compared with the present investigation. The work of 
Nippes et al. involved tensile testing at various 
temperatures while cooling from the initial high solu- 
tion temperature, the cooling rate being very rapid, 
only a few seconds being involved in cooling from 
2500° to 2000°F (1370 to 1093°C). The tests described 
in this present investigation were carried out after 
cooling to room temperature from the high solution 
treatment temperature followed by re-heating to test 
temperature before tensile testing. The difference in 
precipitate size and dispersion due to these different 
thermal cycles may well explain the absence of the 
low ductility effects around 1100°F in the work of 
Nippes et al. 

After examination of the low ductility behaviour of 
18—12-1Nb steel in relation to weld heat-affected zone 
cracking, it that the 
plastic deformation which occurs in heavily restrained 
welds during cooling from the welding cycle takes 
place to some degree at temperatures which are 
associated with the low ductility troughs. Of these two 
troughs, that found at 1100 C ts 
significant than that found at temperatures of around 
S50 C beeause 
that around 
effects of strain and temperature as assessed by the 
resultant strain-induced precipitation. The effects 
found around 1100 °C appear to be somewhat peculiat 
to the testing techniques employed and at this tem 
perature, of the material by 
bined effect of strain and temperature does not appeat 


seems reasonable to assume 


considered less 


of the two regions investigated, only 


850 C appears to show the combined 


conditioning the com 


to be operative. The mechanism involved in producing 
the low ductility region around 850°C, coupled with 


Truman and Kirkby 
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the fact that in this region cracking can commence at 
strains of 1°, or less (which is not true of the L100°C 
ductility region) indicates that the lower ductility 
trough at 850°C is more likely to be involved in weld 
cracking troubles 

Neither of the troughs investigated is indicated in 
the ductility curves given by Nippes et al. from tests 
carried out at various temperatures during cooling 
from 2450 F (1345 C) 

The low ductility effects observed by Nippes et al. 
at very high temperatures are not considered to have 
primary regard to 
except in causing fissures near to the weld junction 
These are relatively wide and shallow, and are different 
in nature from the fine intergranular cracking found 
in the short-time tensile test pieces in the region of 
850 C, and in cracks produced during stress relieving 
of heavily restrained welds. In the latter instance, the 
fissures and fine intergranular often be 
observed in the same section, and it is apparent that 
the fine intergranular cracking has propagated from 
the surface fissures. Another feature which can cause 
surface fissures is high-temperature corrosion of the 
surface of the weld heat-affected zone by the welding 
flux (electrode coating) used. Such attack is usually a 
intergranular penetration and 
been produced artificially under laboratory conditions 
on samples which have not been subjected to an actual 
welding cycle. 

From the results of tests reported in this paper, it is 
postulated that the parent metal adjacent to a weld 
junction is plastically deformed during cooling from 
welding heat, and that sufficient 
the 850°C region to condition the material so that 
subsequent ductility is very limited. In this condition, 
any further small amounts of strain, such as may occur 
as creep strain during stress relieving or under service 
conditions. would be sufficient to initiate cracking, or 
at least to cause rapid crack propagation from surface 
notches or existing for the givep 
ahove 

This conditioning of the weld heat-affected zone by 
straining during cooling from welding is probably also 
the major reason for the position of the failures which 
occurred during rupture testing of welded specimens 
rather than any effect produced by the low ductility 
regions investigated by Nippes et al. When tested as 
welded, or stress relieved at 750°C, failure occurred at 
the weld junction, but when tested after stress reliev- 
ing at 850°C or 1050°C failure occurred in the parent 


significance 1m weld cracking, 


cracks can 


shallow surface has 


straining occurs in 


fissures reasons 


metal well away from the weld heat-affected zone 

Similar effects have been reported by Christoffel! in 
notched rupture tests on Type 347 pipe material, who 
found that the welding cycle produced a drastic reduc 
tion in notched rupture strength of weld heat-affected 
zone material which was not produced by a weld 
thermal cycle alone (without plastic straining) 

Further work is clearly required if only to establish 
a more direct re lationship between the 850°C trough 
and the behaviour of a welded joint 

A better understanding of the 1100°C low ductility 
region is also needed to assess whether this plays any 
part in weld cracking troubles 


CONCLUSIONS 
It has been shown that 18—-12—1Nb steel exhibits very 
low tensile ductility behaviour at 850°C and 1100°C 
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after being subjected to high solution treatment tem- 
peratures, such as are attained in weld heat-affected 
zones. The low ductility trough associated with test 
temperatures around 850°C was found to be caused by 
strain-induced precipitation of niobium carbide in the 
austenite matrix, and it is suggested that this mechan- 
ism is probably responsible for the susceptibility of 
18—12—-INb weldments to weld junction cracking. The 
second ductility trough at 1 100°C is not considered to 
have an important bearing on this particular problem. 
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Heat-affected zone cracking in welded high- 
temperature austenitic steels 


R.N. Younger, M. A., and R. G. Baker, M.A., Ph.D. 


WITH THE GREATER USE in recent years of Cr—Ni 
austenitic steels for high-temperature applications, the 
problem of heat-affected zone cracking has become 
very serious. This type of failure usually occurs in 
piping with a wall thickness greater than ? in., and 
has been reported both during welding and during 
stress relieving, while a number of failures have appar- 
ently occurred during service. The position of the 
cracks has been usually reported as being in the heat 
affected zone approximately parallel to the fusion line 
of the weld. The cracking has been generally agreed to 
be intergranular in character. A review of the current 
literature has recently been made by Borland and 
Younger.! The current theories of cracking appear to 
fall into two broad groups, those dealing with cracking 
during welding and those with cracking during heat 
treatment 

Pellini and his associates? have found that cracking 
may during welding and have suggested a 
mechanism in which cracking occurs by hot tearing 
due to the liquation of low melting point segregates. 
Nippes and his associates® believe that damage to the 
heat-affected zone occurs when it is cycled to a high 
peak temperature. They have obtained experimental 


occu! 
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SYNOPSIS 
Heat-affected zone cracking during welding and during 
post-we ld heat-treatment has been investigated in 18C) 
12Ni-INb, 18Cr—-10Ni-3Mo, and 18Cr-3Ni type steels 
using a simple welding test. Metallographic investigation 
has been carried out using direct carbon extraction re plica 
techniques and the extracted carbides were examined by 
electron microscopy and electron diffraction. 

The results that limited 
during welding, followed by extensive 
cracking during subsequent heat-treatment. The mechan 


indicate CraCKIiNG OCCUrs 


interc rystalline 


bss of the tivo forms ol CTA king are quite diffe rent that 
during ue Iding heing due to tearing at regions of local 
liquation and that during heat-treatment to loss of 
ductility due to strain-induced precipitation 1863 
evidence to show that loss in ductility occurred at 
temperatures approaching the solidus. During cooling 
some materials regained ductility very slowly, and 
cracking susceptibility was believed to be associated 
with this type of behaviour. Nippes et al.4-° also 
carried out creep-rupture tests at 650°C on materials 
previously given a heating and cooling cycle, but con- 
cluded that the cycle did not impair the mechanical 
properties of the heat-affected zone during subsequent 
reheating. 

Emerson and Jackson® suggested that failure could 
occur during relieving by a creep-rupture 
mechanism if the applied stress were sufficiently high, 


stress 





BWRA welding test procedure 


and that the stress level was the predominant factor. 
Poole? that 
similar mechanism 


cracking 


also a lie ved 


occurred by a 

The present work has been particularly concerned 
with the investigation of cracking in the heat-affected 
zone of ISCr-]2Ni-INb steel. This steel is used in 
superheater headers and for the stub pipes which are 
welded to them. Cracking has been observed both in 
as-welded joints after a period of service, and also 
following stress relieving immediately after welding 
To study the problem in the laboratory a simple test 
has been devised in which cracking can be success- 
fully reproduced. From the preliminary work it was 
concluded that usually propagated during 
stress relieving from small hot tears originally formed 
during welding. The welding test has also been used to 
investigate the cracking susceptibility of other 
austenitic steels. It thought that the micro 
structure developed in heat-affected zones would be a 


crac ks 


Was 


t 


Hot tearing in the heat-affected zone of 18Cr—12Ni-INb-type 


steel after welding; etched in oxalic acid < 200 
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TABLE i Nominal composition of electrodes used 








most determining the cracking 
Accordingly a 


TK sted 


important factor in 


susceptibility microstructural survey 
of the steels 


elec tron 


has been carried out using the 
The results of the welding tests 


and the associated metallographic work are given in 


hic rosco pe 


this paper followed by a discussion of the mechanism 
of cracking 


EXPERIMENTAL TECHNIQUE 
BWRA cracking test 


This test, devised by Borland et al.* consisted of a 


block of the material to be tested (of minimum dimen 


» 


sions 5 in. * 5 in 3 in tube of the 
material with a maximum outside diameter of 1} in 
The joint and the 


formed closelv to those 


and a same 


geometry welding procedure con 
used in welds. The 
metal ar process with the electrodes listed in Table I 
was used throughout. Figure | is a diagram of the test 


service 


assembly 

After welding. the heat-affected zone was examined 
for signs of cracking at a magnification of 20 and 
taken through any 
For heat-treatment tests a similar weld 


metallographic sections were 
suspect areas 
was made and subsequently the test assembly was 
heated in a muffle furnace at 100 C/h to the required 
temperature After heat treatment the 


furnace cooled and again examined for cracking 


assembly was 


Metallographic investigation 
After heat 


assembly sO 


treatment from the test 
that a section of the heat 
affected zone of the base plate could be examined. The 
metallographic 


pieces were ¢ ut 


transverse 
ground, abraded 
mixture of 


specimens were 
etched in a hvdro 


ind sulphuric acids. Carbon extraction 


electropolished and 


chlorie, nitric 


2b Cracking in the heat-affected zone 
steel after 100 h at 750°C 


of 18Cr 


12Ni INb ty pe 


etched in oxalic acid 5O 
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TABLE I! Effect of time and temperature on heat treatment, 


cracking of 18-12-1 steel 





Tempera- 


ture, “( Heat treatment time, h 





0-1 1 10 100 
750 nil cracked cracked cracked 
650 nil nil cracked 
550 nil nil nil 


1400 
cracked 
cracked 
cracked 





replicas were then taken using the technique developed 
by Smith and Nutting.'® The replicas were examined 
in a Siemens Elmiskop 1 electron microscope, the 
selected area electron diffraction technique being used, 
where possible, to identify precipitated phases. 


OBSERVATIONS OF CRACKING DURING WELDING 
AND DURING HEAT TREATMENT 


Cracking of 18-12-1Nb steel during welding 
During welding with electrode A (Table 1) a small 
crack was produced in the heat-affected zone of all the 
joints tested. A typical photomicrograph is shown in 
Fig.2a. Cracks of this kind appeared to be inter- 
granular and were rarely more than 0-03 in. in depth. 
They occurred very close to the fusion line and their 
general direction was perpendicular to the surface. 

It was suggested by Houldcroft® that by analogy 
with non-ferrous systems, cracking of this type might 
be eliminated by using an electrode with a lower 


solidus temperature. This was also in accordance with 


the ideas of Pellini et al.2 who had postulated a hot- 
tearing mechanism to explain cracking found during 
welding of similar steels. Accordingly welds were 
made with a hard-facing electrode (electrode C, 
Table I) whose solidus temperature had been found to 
be 50-100°C less than that of electrode A. No cracks 
were formed during welding with the 
electrode. 


low-solidus 


Cracking of 18-12-1Nb steel during heat treatment after 
welding 

On reheating welded I8—-12-INb steel to 750°C for 
over | h, extensive intercrystalline cracks propagated 
from the root of the hot tear formed during welding. 
A typical photomicrograph is shown in Fig.2b. The 
cracks in this case were confined to the region of the 
heat-affected zone and were of considerable extent 
sometimes reaching depths of } in. or more. 

The onset of this form of cracking depended on both 
the time and temperature of reheating. Results of 
tests carried out at reheating temperatures of 550°, 
650 Table II. The time at 
which cracking began decreased with an increase in 
reheating temperature. 


~ and 750°C are shown in 


EFFECT OF WELD METAL STRENGTH ON CRACKING 
DURING POST-WELD HEAT TREATMENT 

During the course of testing it was observed that the 
degree of cracking which occurred during post-weld 
heat treatment in I8Cr-12Ni-ILNb type steel varied 
with differing compositions of weld metal. It was 
suspected that the variations bore some relationship 
to the hot strength of the weld metal. For this reason 
the test was graded by welding with three different 
weld metals before heat treatment. The compositions 
of the three electrodes used are given in Table I, the 
hot strength at 750 C increasing in the order 4A < B<C. 
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TABLE Iti! Analysis of materials tested 





Material Composition 
type ( S , Si Mn Cr Ni 





18-10-Mo 0-04 0-016 
18-8 0-07 0-025 
18-12-Nb 0-085 0-005 


0-018 
0-025 
0-029 


0-22 1-59 
0-60 0-90 
0-64 1-48 


16°56 
18-78 
17-27 


10°54 
8-18 
12-20 0-87 





Tests were carried out on 18Cr-8Ni and 18Cr—10ONi 
3Mo type steels as well as on 18Cr-12Ni-INb type 
steel. In almost all cases (electrode C welds excepted) 
a hot tear occurred during welding but a record of 
cracking was only made if the degree of cracking 
increased markedly during heat treatment. This 
distinction was usually extremely clear. 

Where cracking occurred at all during heat treat- 
ment the degree of cracking increased with increasing 
strength of weld metal. The same pattern of behaviour 
was observed in niobium-bearing and unstabilized 
steels. No cracking was observed in the case of the 
steel stabilized with Mo alone even when welded with 
electrode C. The analyses of the materials tested are 
shown in Table III and the results of testing in Table 
LV. The heat treatment was in all cases 100 h at 750°C. 


METALLOGRAPHY OF THE HEAT-AFFECTED ZONE OF 
WELDED SPECIMENS 

These results were all obtained from extraction 
replicas taken from a region within three grain dia- 
meters of the fusion line. 


18Cr-12Ni-1Nb steel welded with electrode A and 

heat treated 100 h at 750 C (cracked during heat treatment) 
At low magnification in the light microscope it was 
observed that heavy precipitation had occurred at the 
grain boundaries of this specimen but the electro- 
micrograph (Fig.3a) showed that in addition a precipi- 
tate of numerous fine particles was present within the 
grain. A_ traverse the heat-affected zone 
showed that the precipitated particles were most 
numerous within a few grains of the fusion line. A 
micrograph of the parent plate outside the heat- 
affected zone is shown in Fig.3b. Selected area electron 
diffraction studies of the fine precipitate showed that 
it was NbC. The morphology of the particles pre- 
cipitated at the grain boundaries varied widely 
throughout the specimen but Fig.3a is fairly repre- 
sentative of the heat-affected zone. Where electron 
diffraction patterns could be obtained from grain 
boundary carbides they showed .7,,C,-type structure. 


across 


18Cr-10Ni-Mo steel welded with electrode A and heat 

treated 100 h at 750 C (no cracking during heat treatment) 
This specimen again showed heavy grain boundary 
precipitation at low magnification but electron micro- 
graphs (e.g. Fig.3c) showed a marked difference from 


TABLE IV Results of base meta! cracking tests after 100 h 
at 750 C 





Material type 
lectrode 18-12-Nb 


]8-8 ground out* 


18-10—-Mo 


18-12-Nb 


nil nil cracked 
eracked 


nil cracked 


cracked 
eracked 





* Fusion line 


treatment 


ground out with tungsten carbide 





Heat-affected zone of 18C1 
750°C, welded with els 


12Ni- INb-type 


trode A. carbon ex 


steel after 100 h 
tracticn replica 


20000 


100 bh at 


POO 


the ISCr-12Ni-INb steel. In the Mo-stabilized steel 
little or no fine precipitate was observed within the 
grain. This difference was extremely marked whereas 
no significant differences in the morphology of .W,.C, 


precipitates at the grain boundary were observed 


18Cr 8Ni steel welded with electrode A and 18Cr 8Ni steel 

welded with electrode C; both heat treated 100 h at 750 C 

These specimens were selected in an attempt to deter 
mine first whether an intragranular precipitate 
existed in an unstabilized steel, and second to deter 
mine the effect of variations in weld metal strength on 
the heat-affected zone microstructure. Only the speci 
men welded with electrode ¢ during heat 
treatment. Electron micrographs of the heat affected 


cCTaAt ke dl 
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& 


18Cr—-1ONi 100 h 


extraction 


20000 


zone of the two specimens are shown in Figs.4a and 46 
In the first specimen there was some precipitation 
within the grains but it seen in the second 
specimen that the effect of welding with electrode C is 
to cause a marked increase in the number of precipi 
tated particles. Selected area diffraction studies of this 
precipitate indicated that it was M,.C, 


can be 


METALLOGRAPHY OF SIMULATED HEAT-AFFECTED 
ZONE MICROSTRUCTURES 

It was considered important at this stage to determine 
whether the microstructure of the heat-affected zone 
could be produced by heat treatment alone. For this 
purpose apparatus which would 
subject small metallographic specimens to a thermal 
evele similar to that experienced by the heat-aflected 
zone neal the fusion zone of the weld High-frequency 
heating and argon quenching were used to give heating 


was constructed 


and cooling rates which corresponded very closely to 


those measured during welding a 14-in. thick stainless- 
steel plate 4 Specimens heat-treated in this way were 
then aged 


18Cr_12Ni 1Nb steel thermally cycled, and heat treated 

100 h at 750 C 

Precipitation of .W,.C, occurred at the grain boundar 
ies of this specimen (Fig.5a that found in the 
heat-affected zone of the weld (Fig.3a). However, the 
nature of the intragranular 
different in the two cases 


similar to 


precipitate was marke dly 

After thermally evcling, the 
onsiderably rarer and the size 
larger 


precipitats nsites were 
of the precipitated particles 
than in the heat 


correspondingly 


iffected zone of the weld 


18Cr 12Ni 1Nb steel thermally cycled, plastically 

deformed, and heat treated at 750 C 

It is now well established that precipitation in austen- 
itic steels can be profoundly affected by plastic defor- 
mation. Owing to the high 


stresses occurring dur 


thermal 
sr welding it Is very 


contraction 
likely that 
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4 eet 

SPSS. 

4a Heat-affected zone of 18Cr—ANi 
750°C, welded with electrode A, 


-type steel after 100 h at 
carbon extraction replica 


20000 


plastic deformation will occur in the heat-affected 
zone. For this reason a further series of specimens was 
subjected to the same thermal cycle and then plastic- 
ally deformed by bending a segment of the metallo- 
graphic specimen. This treatment produced an elonga- 
tion of about 10°, in the final polished surface of the 
specimen. 

The combined treatment of deformation and ageing 
at 750°C produced a fine dispersed precipitate which is 
similar to that found in the heat-affected 
(Fig.3a). Continued ageing at 750 C caused an increase 
in the number of precipitated particles. Figure 56 
shows the microstructures after LOO h. The precipitate 
would thus appear to be strain induced and the 
larger deformation of the metallographic specimen 
than of the actual weld explains the finer dispersion 
shown in Fig.5b. Selected area diffraction from the 
grain interior revealed a strong niobium carbide (NbC) 
diffraction pattern. 


zone 


much 


18Cr 8Ni and 18Cr 10Ni- 3Mo steels thermally cycled, 
plastically deformed, and heat treated at 750 C 

The pattern of behaviour in ISCr-SNi steel was very 
similar to that of the Nb-stabilized steel. There 
fine precipitate of .W,.C, within the grain while 


was a 
larger 


M,,C, particles had formed on coarse slip lines. The 


microstructure was similar to that observed in Fig.46 

In the Mo-stabilized steel little or no intragranular 
precipitation was observed in the deformed and aged 
specimens after treatment for up to 100 h at 750°C 
The microstructure showed no apparent differences 
from that found in the heat-affected zone 
after a similar ageing treatment (see Fig.3c). 


of a weld 


DISCUSSION 

initiation and propagation of cracking 

In this investigation intergranular heat-affected zone 
cracking has only been observed to propagate exten- 
sively during heat treatment after welding, but when 
cracking occurs it is initiated at the root of small hot 
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4b Heat-affected zone 


750°C 


of 18Cr-8Ni-type steel after 100 h at 


, welded with electrode C, carhon extraction re plica 


20000 


tears formed during welding. It is thought that the hot 
tear may be formed as a result of local liquation at 
high temperatures during welding. This view was 
supported by the fact that using a weld metal which 
solidified after the liquefied regions of the base metal, 
hot tears were not formed in spite of the higher 
strength of that particular weld metal. This result is in 
general agreement with the liquation mechanism pro- 
posed by Pellini et al.* Such a mechanism is also 
apparently consistent with the results of Nippes et al. 
if the low ductilities they found were the result of 
local liquation. 

Cracking during heat treatment takes place by a 
mechanism quite distinct from that governing the 
formation of a hot tear during welding. During welding 
the formation of tears depends predominantly on the 
relative solidus temperatures of the weld metal and 
base metal. However, during heat treatment. cracking 
is increased by using a high-strength weld metal. Thus 
in the case of electrode C, hot tears in the metal 

re not formed at all, whereas heat-treatment cracking 
is much more extensive than with either of the other 
two weld metals. Furthermore in the molybdenum 
steel. although hot tears are formed, no further crack 
ing occurs during subsequent heat treatment 

When a hot tear does form in a susceptible steel it 
can act as a stress raiser, giving a point of easy initia 
tion for cracking during subsequent heat treatment 
However, a hot tear is not essential for the develop. 
ment of this form of cracking. The results given in the 
last column of Table [IV show that by grinding out the 
fusion line of a weld to remove all traces of hot tearing, 
cracking during heat treatment can be avoided in the 
heat-affected zone of welds made with electrode A, but, 
under the more severe conditions provided by the use 
of electrode C, cracking during heat treatment is not 
prevented, 


base 


Effect of steel composition 


From the results obtained on the three materials so far 
studied, it is evident that a precipitate of numerous 





Sa [8Cr-12Ni-INb-type 


heated 100 h at 750 ©, 


steel specimen, ther 


ed and 


carbon extraction re POOOO 


plice 


fine particles within the grains is always present after 
eracking has occurred during heat treatment. In the 
steel containing molybdenum. which did not crack 
little or no intragranular precipitation occurred. In all 
the steels there was precipitation of relatively large 
carbides at the austenite boundaries even before heat 
treatment and, when it was possible to identify these 
intergranular particles by electron diffraction, they 
were always found to have the W,,C, structure. In the 
niobium-stabilized steel the intragranular precipita- 
tion was found to be NbC and in the unstabilized steel 
M,C 


It is not at present clear why 


under the conditions 
so far studied, the presence of molybdenum inhibits 


the formation of a tine intragranular precipitate. It 


ers 
ts Fm 
Me et ® 

» 


tas! 


r * 
o 


ee 
ee ke 
a 
ae 


C2 2 


5b 18Cr—12Ni-1Nb-type 


plastically deformed, and heated 100 h at 


steel specimen, thermally cycled, 


750°C, carbon 


extraction replica 20000 
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6.°%."74 
— ' te 4 
s 
fi af 


ees 
4 


+4 


100h 


eplica 


Hot 


should be noted that the carbon level in the 
04 


Mo steel 
) is appreciably lower than in either of the other 
two steels. However, it seems unlikely to the present 
authors that this fact alone could completely explain 
the different behaviour of the Mo steel. Molybdenum 
has a higher affinity for carbon than chromium and is 
known to cause secondary hardening in ferritic steels 
owing to the formation of a fine intragranular precipi 
tate of Mo,C."! steels the 
Mo,C is frequently replaced by complex molybdenum 
based carbides of the M,,C,- or M,C-type after more 
severe tempering treatments 
In the that 

lattice nor the dislocations present are ad 


> However. even in these 


the 
quate sites 


present case it may be neither 
for precipitation of molybdenum carbide at such a low 
carbon level. The activity of carbon would be expected 
to be reduced by the presence of molybdenum in solid 
solution and chromium 
carbide was precipitated within the grains. On 


tinued ageing it might be expected that the molvb 


this might explain why no 


con 


denum and carbon would precipitate in the 
the 


form of 
large complex carbides at 
M,.Ce-tvpe already in 
clarify the hoped to 
hearing steels at higher carbon levels 


boundaries, where 


earbides are existence. To 


position it 


Effect of plastic strain on precipitation 
Strain-induced precipitation can occur in austeniti 
steels if they are either plastically deformed before 
being aged or alternatively warm worked, dislocations 
being introduced which can act as preferred sites for 
precipitation. Convincing evidence that precipitation 
does occur on dislocations in austenitic steel has been 
produced by Schrader,'* Arrowsmith,!® Pickering,® 
and in the present investigation As would 
be expected, increased deformation, In prov iding more 
precipitation sites, results in finer and more numerous 
particles. 

The formation of a fine intragranular precipitate 
stiffens the grain, thus increasing the overall creep 


sé ¢ Fig de }. 
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strength, often at the expense of the ductility. The 
increased strength of the grain causes stress concentra- 
tion at certain points on the grain boundaries and this 
may result in intercrystalline failure after only very 
small overall deformation. The effect may be demon- 
strated by carrying out hot tensile tests. In a series of 
such tests recently carried out in this laboratory on 
18Cr-12Ni-INb-type steel quenched from 1350°C, 
loss of ductility and intercrystalline fracture was 
evident at temperatures in the region of 750°C,}? 
Kirkby?® has obtained similar results in a recent and 
more comprehensive investigation. 

At 650°C, little precipitation can occur during the 
testing period even with plastic strain, while at 900°C 
precipitation is complete at the few available sites 
before the testing begins. Thus both these test tem- 
peratures give a high ductility result. However, where 
precipitation can occur during the course of straining, 
the ductility is low. In the heat-affected zone, how- 
ever, where from the metallographic evidence it is 
clear that plastic strain must be occurring, the pro- 
cesses of strain and precipitation are concomitant. 
Thus loss of ductility, in this case, would be expected 
up to much higher reheating temperatures than would 
be indicated by a hot tensile test, where no stress is 
applied until the test temperature is reached. 

By increasing the strength of the weld metal, the 
total strain taking place in the heat-affected zone is 
increased and the consequent effect on the micro- 
structure is to make the precipitated particles finer 
and more numerous. The severity of cracking is, there- 
fore, also increased and even the unstabilized steel 
cracks if the total strain is sufficient. 


The mechanism of cracking 

The evidence obtained in the present investigation is 
that extensive cracking occurs by a creep-rupture 
mechanism during reheating. So far, it is in agreement 
with the conclusions of Emerson and Jackson® and 
Poole.’ 

Irvine et al. have shown that when strain-induced 
precipitation takes place in austenitic steels there is a 
resulting loss of ductility.'® In the steels investigated, 
cracking was only observed when strain-induced pre- 
cipitation took place and it may be concluded that 
loss in ductility during reheating was a necessary con- 
dition for cracking to occur. 


SUMMARY AND CONCLUSIONS 

1. An investigation of susceptibility to heat-atfected 
zone cracking during welding and subsequent heat 
treatment has been made in three austenitic steels 
using a welding test. 

2. Small hot tears up to 0-03 in. in depth were 
usually formed during welding at the metal surface in 
the part of the heat-affected zone immediately adjac- 
ent to the weld. The tears were found to be due to 
liquation in regions of high solute segregation. 

3. Extensive intererystalline cracking occurred 
during heat treatment after welding. The cracks 
initiated at hot tears when present and these indeed 
increased the susceptibility to cracking by providing 
points of easy initiation. The mechanism of crack 
formation during heat treatment was quite distinct 
from that responsible for hot tear formation. 


Journal of The Iron and Steel Institute October 1960 


4. Intercrystalline cracking during reheating after 
welding was always accompanied by the precipitation 
of a fine intragranular precipitate. In 18Cr—12Ni-1Nb 
steel the precipitate was NbC, in unstabilized 18Cr- 
8Ni steel it was M,,C,. The steel containing molyb- 
denum which showed little or no intragranular pre- 
cipitate did not crack. 

5. The fine intragranular precipitate was strain 
induced. Larger amounts of plastic strain gave more 
dislocations which served as nucleation sites and 
resulted in finer and more numerous precipitated 
particles. 

6 Increasing the hot strength of the weld metal 
increased the extent of cracking and produced a finer 
and more numerous intragranular precipitate. 

7. Cracking during heat treatment is due to stiffen- 
ing of the grains resulting in intererystalline fracture 
of a type similar to that observed in creep and hot 
tensile tests. 
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Investigation of failures 


F. E. Stacey, A.M.1. Mech.E. 


THE PRIME PURPOSE of the paper is to describe the 
reasons for carrying out investigations into the serious 
mechanical failures that occurred in a rolling mill and 
to assess mill loading under operational conditions, 
with the object of minimizing future breakdowns, 
leading to greater availability for production output. 

For this detailed calculations have 
omitted and the paper has been confined to a descrip- 
tion of the principal events. 


reason been 


DESCRIPTION OF PLANT 


Figures | and 2 show a general view of the mill and the 
area in which the breakages of plant occurred. 

In the case of the top drive spindle, the coupling end 
at the drive side of the mill housing is forged integral 
with the shaft; this was the initial design. The bottom 
spindle, however, had been repaired at some previous 
time with the aid of a cast-steel coupling. 

The main details are as follows 
42 in 
Davy and United Engineering Co 
1950 


Type of mill blooming mill 


Manufacturer Ltd. 
Commissioned 
Details of 


electrical drive 


mill 
forced ventilated reversing machine having an 
rms output of 6 650 hp at 62 rev/min. The cut- 


English Electric Company motor, de, 


out torque was 230 metre tons at 62 rev/min. 
Speed control is by variabi «armature voltage 
from 0 to 62 rev/min and by field weakening 
from 62 to 150 rev/min. 

Minimum reversal time not exceeding 1-5 s 
The Ward 


Leonard-controlled Ilgner set. 


machine was supplied by a 

The motor drives through a coupling, positioned as 
shown on Fig.1, to a gear unit comprising a pair of 
double-helical pinions of equal number of teeth. These 
pinions drive the two spindles, which in turn rotate 
the operational work rolls. 

The mill was installed to cater for an envisaged out 
put of 10500 ingot tons per year. This has 
increased in the intervening period. 


greatly 


Sizes of material rolled 

Blooms 5 in. square up to 9 in. square 

Slabs 10? in. wide plus 4? in. thick. 

Further rolling into either billet or slab sections is 
carried out on a two-stand Loewy horizontal and 


Manuscript received 5 August 1960 
The author is with John Lysaght’s Scunthorpe Works Ltd 





in a blooming mill 


SYNOPSIS 
During the 1955-8 a 


mechanical failure S OCf urred ina blooming mill, ré sult- 


pe riod servUus 


number of 
ing in serious losses of production facilitu g, 

The pape r dese rihes the bre akage 8 of spindle 8, drive 
couplings, and main drive prniwn, with the respective 
metallurgical findings. The final breakage of the mill 
pinion led to the introduction of tests into the ope rational 
mill loading conditions. These tests were carried out by 
the field research section of the mill manufacturers, which 
proved the mill was working well within the conditions 
indicated under the de sign specification. 

The description of the tests, details of equipment used, 
and results obtained from the tests are given, with recom- 
mendations for standardization of equipment within the 
industry and recommendations for pe riodic inspection 
of suc he quipment. 1882 


vertical roughing mill and a six-stand Morgan finishing 
mill to form: 

Billets 2 in. square to 4 in. square 

Slabs 5-16 in. wide by 2-2} in. thick 

Sheet bar 12 in. wide by 0-25-0-9 in. thick. 
Qualities of steel rolled 

Carbons up to ] 

Deep stamping and rimming 

Silicon and silicon—m: 

Free-cutting 

Lead bearing. 


tnganese 


Modification to coupling drive 


During a period in 1958 a heavy knock was heard at 
different times in the vicinity of the slab coupling 
drive. This did not appear to be at regular intervals or 
at identical times of the rolling cycle. 

Upon inspection, no apparent signs of damage could 
be located, but it was decided that the noise 
caused by the slab within the coupling. As a result of 
this and the occurrence of breakage s to coupling slabs, 
it was decided to investigate the possibility of fitting 
a flexible coupling to the main drive, replacing the 
existing slab type. 

Good reports had been heard of the Holset coupling 
used in similar drive conditions within the 
industry. This was investigated and a decision made 


was 


when 


Journal of The Iron and Steel Institute October 1960 195 





Stacey Failures in a blooming mill 


1 View of section of mill from exit end 


to install a size 300 unit with a suitable spacer to meet 
site requirements, as shown in Fig.3. 

This unit was fitted during the stop period of 
August 1959, an alignment check being carried out at 
the same time between the motor and gear box units 
with satisfactory results. 


REASONS FOR CARRYING OUT INVESTIGATIONS 
During the period March 1955 to September 1958 a 
number of breakages of a serious nature occurred on 
the rolling mill, namely (1) the breakage of the 
knuckle end of a forged-steel top drive spindle, (2) 
severe fractures to two slab couplings, with visual 
signs of cracking in a third, and (3) the bursting of the 
rim sleeve of the top pinion shaft which formed part 
of the main mill drive. It will be noticed that all the 
breakages occurred in an area located between the 
armature drive shaft and the drive side of the mill 
housings. 

It was felt by the management that contirmation 
should be obtained that the heavy impact loading and 
reversal conditions taking place on the mill were not 
exceeding the and also that an 
alignment check should be made between the arma- 
ture shaft, gearbox, etc. 


design conditions, 


Metallurgical reports had been received in respect 


of the broken spindle and slab couplings, which will be 
mentioned later, but the loss of such plant as pinions 
necessitated urgent attention 

Breakages of a magnitude such as the latter 
cause indirect damage to items such as gearbox casing 
pinion bearings, ete.: even if this should 
further damage to the plant it can, owing to extended 


can 


cause ho 


2 View of exit side of mill from an adjacent crane track 
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3 Size 300 Holset fl rible coupling fitted Auqust 1959 
deliveries in obtaining replacements, cause heavy loss 
in terms of money and production facilities, possibly 
necessitating the closing down of later processes and 
the inevitable disruption of those processes leading up 
to the rolling mill. 


GENERAL DESCRIPTION AND 
FINDINGS OF MAIN BREAKAGES 


Spindle breakages 


During March 1955, while rolling a silicon quality 
steel (0-O8—0-13°,C, 1-5-1-65°,Si) of section 124 in. >» 
2 in.. the top driving spindle suffered irreparable 
damage at the forged knuckle end which drives the 
work roll. 

A similar spindle, in this case having a cast-steel 
knuckle end shrunk in position, is shown in Fig.4. The 
spindle had initially been designed as an integral 
forging with the driving knuckle end solid to the main 
shaft. the end driven by the pinions being a cast-steel 
coupling shrunk into position, The diameter of the 
replacement cast-stee! coupling local to the shaft had 
been increased to suit the new condition of shrinking 
in position to the 1S8-in. dia. spindle. 

Porosity can be seen on the inner section of the 
coupling end. This is not an unusual occurrence in 
castings of this type, where machining allowance may 
have been minimized or the casting has been thrown 
to get the best condition from it 

The marking as shown on Fig.4 indicates the extent 
of the breakage to the spindle, the shaded portions 
having broken completely away from the main forg 
ing. 

The assembly shown to the right of the spindle is a 


4 Typical drive spindle and assembly, indicating the extent of 
bre akaqe 





5 Section of broken drive spindle 


typical unit which fits into the coupling end of the 
spindle, comprising two phosphor-bronze _ slipper 
brasses and a phosphor-bronze split separator block 
which in turn holds a central steel block. The bolt as 
shown is 4 in. dia. and holds the assembly in position, 
being held through the spindle coupling end. 

Visual examination of the fracture (Fig.5) showed 
the break to be crystalline, with an absence of rubbing, 
indicating a failure under heavy impact loading. A 
sulphur print was taken by the metallurgists, who 
reported a uniform distribution of sulphur with a 
slight segregation at the spindle slot. 

A dark area can be seen at the top, where the 
machined bore existed. It was found that welding had 
at some previous time been carried out at this point, 


6 FS drive slab coupling Dimensions 3 ft 7 in 
1 ft 2 in. Weight 3 tons 


2 ft 104 in 


Failures in a blooming mill 


7 View showing severity of fracture to slah coupling 


visual 
marks 


signs being apparent under the machining 

It was the metallurgists’ opinion that slight cracking 
had occurred at this point, but that despite the pres 
ence of this. which could under normal circumstances 
initiate fatigue failure under the repeated stresses 
prevailing, this had not occurred 

The report also stated that the mechanical proper- 
ties and structure of the material appeared suitable 
for the component and that failure was due to heavy 


impact loading 


Slab coupling failure 


Figure 6 is a view of a slab coupling similar to that 


8 View indicating crack in radius and quality of machining to 


slab coupling 
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Slab coupling, showing fracture occurring in radius and on 


flat face 


which fractured during March 1957, after being used 
in the rolling of over 3000000 ingot tons. 

The fracture occurred diagonally across one of the 
square holes, through which the coupling bolts fitted 
into phosphor-bronze blocks, which were located in 
the coupling. 

It will be seen from Fig.7 that failure had taken 
place through the radii at the corners of the square 
hole, The structure of the material was fine-grained, 
with signs of fatigue failure apparent. 

Figures 8 and 9 show the cracking that occurred at 
the four corners of the hole. Similar signs of cracking 
were also apparent on the other square hole through 
which breakage did not occur. 

Notice should be taken on Fig.8 of the coarse 
machining finish with relatively sharp corners caused 
by blending the square faces to the radius. Two- 
directional machining must at this point, especially 
with the quality of the machining, set up a highly 
stressed component. 

The metallurgical report stated that fatigue had 
occurred symmetrically from the four edges about the 
centre of the corner radii, the initial cracks being very 
similar in appearance. 

A blue discoloration equivalent to a tempering of 
bright steel at about 300°C was present at the crack 
points. Since the coupling was in an area where no 
heat by radiation from ingots was present, the dis- 
coloration was presumably due to internal friction as 
the crack propagated. 

Microexamination revealed a fairly coarse structure, 
which is usual in a forging of this size. Sulphur printing 
and etching produced no abnormalities. 


10 View 


of fracture in re plac emer lab coupling 
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11. View of fracture in replacement slab coupling 


It was suggested that benefit would be derived from 
future slabs if the quality of the finish at the radii was 
improved. This is considered to be a matter of great 
importance. 

The appearance of the cracks indicated, from 
previous experience, that they may have been in 
existence for some time, and the opinion was that the 


replacement slab coupling 





13 Breakage to 


fracture was of a fatigue nature, as seen from Fig.7, 
the physical and chemical composition being in line 
with that specified by the manufacturers and design- 
ers of the plant 

As might be expected, forgings of this size are not 
obtainable quickly owing to the manufacturing and 
heat-treatment requirements. In this instance a steel 
slab was obtained from a local steelworks, rolled from 
the largest available ingot; it machined at 
Lysaght’s works and installed to cover the period 
required in obtaining a forging of the steel 
analysis. 

During August 1957. fractures as shown in Figs.10, 
11. and 12 occurred in the replacement slab coupling, 
after being used for only five months. Failure in such a 


Was 


correct 


short period was not altogether unexpected in view of 


the nature of the replacement unit 

The extent of breakage to the slab and the type of 
fracture are shown in Fig.10. The breakage again 
originated through the radii at the corners, while other 
cracks radiate from a central screwhole. 

The metallurgical findings were that the chemical 


14 Radial crack through thickness 


‘ ’ 
of sleeve in top mill pinion 
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showing method of qear sle 


wking in tooth root 


analysis varied at two points of the material, which 
was below the specification of the designers of the 
mill. This was generally known and accepted for the 
reasons previously stated, ie. 0-2-0-24°.C as 
pared with 0-3-0-35°,C as recommended 


com 


The coarse end of the material corresponded to the 
top portion of the ingot as judged by the segregation 
of the carbon (see Fig.11). This coarse structure was 
lacking in ductility and tensile strength, but the fine 
structure showed an improvement. A comparison of 
the structure can be seen on Fig.12 

Samples of the slab were forged from 2 in. to 1 in 
square; these showed a great improvement in ductility 
and Izod readings 

The final comment of the metallurgist was that the 
slab had been subjected to insufficient hot working to 
produce suitable grain refinement. It was suggested 
that future replacements should be produced from 
larger blooms. Again stress was laid on the need for 
good-quality machining, though in this instance this 
Was secondary in importance to the unsuitable coarse 
structure of the material. 

The inclusion of this failure is not intended in any 
sense as criticism of the quality of the material re 
ceived from the makers, who supplied very quickly 
indeed, from the largest sized ingot available, thus 
enabling the production programme to be maintained. 
It has been included to emphasize the effect of material 
which has, owing to its initial dimensions, not been 
subjected to grain refinement by forging and normal 
izing, Which is usual practice in components of this 
size and application 


Pinion failure 


The failure of the top mill pinion in September 1958 
was extremely serious, as replacements could, even 
with extreme pressure being applied take anything up 
to 12 months to produce. It was only the generosity of 
Steel, Peech and Tozer of Sheffield, in permitting the 
use of an identical pinion that had been replaced and 
held as an emergency spare, that enabled production 
output from the rolling mill to be maintained during 
the period September 1958 to August 1959, when a 
new pair of pinions became available 

This failure necessitated a great deal of investigation 
much more than that required for either the spindle or 
the slab couplings. This was carried out by repre 
sentatives of the mill manufacturers. Figures 13 and 
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TABLE 1! Typical monthly rolling cycle 





Week Description Finish dimensions 





Sheet bar 
Blooms o 
Slabs 5 in. wide : hick up to 9 in 
sillets 4 in 
Billets 24 in 


12 in. wide « 0-25-0-9 in. thick 


Sheet bar 
Blooms 
4illets 
Billets 
Billets 


12 in 0-9 in. thick 
wr slabs 

34 in. 

24 in 


2} in 


Sheet bar 

Blooms or slabs 
Billets 3 in 
Billets 2 in 
Billets 2} in 


12 in 5-0-9 in. thick 


Ponnags 


2500 124 in. wide 
500 5 1n 5 in 
5000 a4 in. wide 
1oo0 Jin 7 in 
2000 54 in 

1Looo : 


54 in 


2500 124 in. wide 


250 >in 3 in 


24 in 
or slabs 
1o50 6 in 6 in 

3000 6 in 6 in 

4200 54 in 54 in 
11000 7 
2500 wice 


sO : .x 51in 


x 24 in. thick 

or slabs 11 in, wide 

3000 5 in. 
600 5 5 in. 
$600 54 in, 

LLooo - 





14 indicate the horizontal and radial cracking that 
took place in the sleeve. 

As can be seen from Fig.15, the sleeve was removed 
from the mandrel by planing along the length of the 
barrel diametrically opposite to the crack. The initial 
crack in the tooth root, with bedding conditions of the 
bore to the mandrel, in addition to the sharp corner at 
each end of the sleeve, can be seen, the latter being a 
blending radius of the sleeve to the mandrel. 

The fact that replacements had to be put to work 
immediately required a speedy decision to be made as 
to whether these replacements should be the same as 
the original gears, (0-5°,C steel sleeve shrunk in posi- 
tion on a 0-35°,C steel mandrel) or supplied as a solid 
integral pinion on shaft. 

Visual examination indicated that certain teeth on 
the broken sleeve bore signs of heavy rubbing, accom- 
panied by severe pitting, whereas other teeth showed 
no signs of wear. It was later found that there had 
been a slight discrepancy in the gear cutting of the 
pinions, resulting in a tooth being slightly thinner, 
followed by insufficient bedding of many other teeth. 

It was obvious that the error of gear-cutting would 
lead to serious overloads on the adjacent teeth as they 
passed in and out of the mesh, but no definite connex- 
ion could be made between the lightly loaded teeth 


TABLE I! Typical rolling mill schedules 





Duration 


Cast no. Type of stee 


Time min 


0.50 70 
1L.00 0 54 in 
11.30 D4 nn 


in. square 


square f Si-Mn 
Rimming 
Rimming 
0-35 0-40 
0-60. 0-65°, 


square 
square 


54 in. square 
Rimming 
0-08-0-13° 


54 In. square 
in. square 
Rimming 
SFC lead 
{imming 
SFC lead 
Rimming 
0-40-0-45°, 
5 in 5 in 0-20-0-25° 
12} in. x 48 Rimming 
Sin 0-20-0-25 


$ in. square 

in, square 

6 in. square 

54 in, square 
54 in, square 


te te ty ty bets ts 


5 $ in. Square 


Aimming 
Rimming 
Rimming 
Rimming 
Rimming 
0-15-0-20° 
0-15-0-20° 

{imming 
Rimming 


12} in 

9} in. x 48 33 
10} in. x 48 33 
14} in 2 996 
14} in : 997 
11} in.» .998 
11} in. x "998 
12} in. x . W.999 
10} in. x 4 945 
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and either the crack which initiated failure or the 
more serious cracks around the rim. 

Calculations with a shrink interference, as used with 
the pinion shaft assembly, determined a hoop stress of 
4-96 ton/in® at the root of the tooth. Assuming a full 
cut-out torque of 7750 ton-in., obtained from two 
and-a-half times the mill horsepower of 6650 at 
62 rev/min, and also that half this value passed 
through the teeth mesh, the calculated resultant stress 
at the root of the tooth due to the bending action of 
the tooth was 4-06 tons. By the use of a stress con- 
centration and a maldistribution factor to cater for the 
bad meshing conditions, it was calculated that a total 


16 Loadmeter in situ 








17 Loadmeter ass 


stress on the tension side 
20-5 tons in? fillet stress. 

It was then determined that a fatigue strength of 
0-4-0-55 times the UTS would give 183-25 ton/in*® 
By comparison with the former factored strength, it 
will be seen that the pinions had been working within 
this region, particularly if unrecorded 
were taken into account. 

The final findings indicated that the pinion had 
failed in service owing to fatigue cracks at the root of 
the teeth. The analysis showed that the combined 
stress from bending and shrinking had stressed the 
material into the fatigue range. 

Metallurgical examination showed normal sulphur 
segregation and distribution, with well 
clear of the root of the teeth. A micro-section taken 
from a tensile test piece showed a fully refined struc 
ture of pearlite and ferrite. The pearlite was fairly 
coarse, but this was not unexpected owing to the 
retarded cooling at the mid-wall position of the rim. 

Guided by the results of the investigation and the 
time factor in obtaining hollow forgings, it 
cided to manufacture the replacements as integral 
pinions with shaft, in material of En.9 specification 
The original pinions were to be resleeved later with 
material also to En.9 specification, the interference 
between shaft and sleeve being reduced to 0-020 in 
from 0-026 in. (i.e. 0-OOL in. per in. dia.). 


of the tooth was equal to 


shock loads 


segregates 


was de 


PRELIMINARY ARRANGEMENTS FOR TESTS 

During October 1958 a meeting was arranged with the 
manufacturers of the mill, that tests 
should be carried out by their personnel upon the 
plant concerned to determine mill loading under 
operational conditions. 

At this time their firm was developing a new type of 
loadmeter suitable for installing on rolling mills to 
determine operational screwdown loading. It was 
anticipated that a pair of units suitable for loads of up 
to 1500 tons each would soon be available, but as a 
great deal of preparation was necessary to work out 
the anticipated programme and to manufacture extra 
fittings to suit the conditions existing on this particular 
plant, theoretical calculations would be made to deter- 


who agreed 
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18 Recording of screwdown 


loadings 


mine mill loading from operational conditions. This is 
mentioned to clarify the reason for the delay in carry 
ing out the tests 

It was suggested that the object of the tests should 
be to determine the mill loading conditions, the torque 
applied to the driving spindles, operating temperature 
mill power consumption, and bearing pressure condi 
tions of the motor shaft, and generally to determine if 


the operating conditions were covered by the design 
of the mill 

When carrying out the proposed tests, which would 
ot necessity be at reduced drafting with additional 
passes, owing to the use of the second-hand pinion (a 
practice which is, under normal circumstances, to be 


deplored) it decided that, after the flexible 
coupling had been installed, identical tests should be 
carried out with the same conditions as those existing 
for the original slab type of coupling drive, thus 
obtaining information about the relative performances 
of the mill under the two types of drive. 

It was further suggested that an additional test 
should be carried out with drafting and number of 
passes simulating the conditions existing at the time 
of the pinion breakage. 

With these points in mind, it was felt that even if 
the proposed tests proved negative, they would not 
have been wasted. From Lysaght’s point of view, a 
great deal of satisfaction could be obtained from the 
knowledge that the mill was not being overloaded; it 
might even give information that would be beneficial 
in modifying their rolling sequence, and that from the 
research angle facilities would be made available upon 
an actual operational basis for determining conditions 
existing upon a specific mill, thus providing data for 
use in future mill design. 

It was fully appreciated that, owing to the varying 
sections and qualities of steel being rolled within any 
shift, it would not be necessary for the research team 


was 
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to be in attendance full time, but rather that tests 
should be selected over the actual rolling evcle, which 


covered a four weekly period 


CONDUCT OF TESTS 


To enable the research team to select the periods 
during which greatest benefit could be gained without 
full-time attendance, typical monthly 
rolling cycles and daily production programmes were 
made available (Tables | and IL). This enabled them to 
select the period of the week in which to be in attend- 
ance over the cycle, and further enabled the team to 
carry out selective tests during the time they were in 
attendance. 

Tests began on 1 June 1959 and were carried out at 
selected times until 12 September. During this time 
the mill had been closed down for two weeks to facili- 
tate modification of the existing motor shaft necessary 
for fitting of the new coupling and installation of new 
pinions and bearings, in addition to the usual routine 
and annual maintenance programme 


necessitating 


INSTRUMENTATION FOR TESTS 
Two loadmeters, each of 1500-tons capacity, were 
fitted between the mill screws and the top-roll bearing 
chock to determine the operational load on each 
(Fig.16). Each loadmeter consisted of a steel 
column, on to which bonded eight electrical 
resistance strain gauges, four mounted vertically and 
four horizontally. The gauges were connected in a 
Wheatstone bridge circuit, each arm consisting of two 
gauges. The whole assembly was installed within a 
easing, as shown in Fig.17. 

When a load was applied, the vertical strain gauges 
were in compression and the horizontal gauges in 
tension. The output from the bridge, which was pro- 


screw 


were 
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portional to the load being applied, was recorded 
separately on a two-channel recorder; a record of an 
actual condition is shown in Fig. 1S. 

Electrical resistance strain gauges were fitted mid- 
way along the length of the top and bottom spindles 
in the plane of principal stress to determine spindle 
torque. These were arranged in the form of a,tempera- 
ture-compensated Wheatstone network sensitive only 
to torsional strain, the output being fed to the 12- 
channel recorder as two traces. Figure 19 indicates the 
arrangement of the torque gauges and the circuit used. 

In addition to this, the mill speed and ampere 
readings were recorded upon a two-pen recorder unit 
situated in the mill motor room; this is a continuous 
process when the plant is operating. Figure 20 shows a 
recording of the mill speed in both directions with 
ampere readings for a corresponding period, 














21 A mpere and tachoqgenerator recordings 


Pressure transducers employing electrical resistance 
strain gauges were screwed in existing tapped holes on 
both the motor bearing housings. The operational oil 
pressures of the bearings were recorded as two traces 
on a 12-channel recordey 

To determine the horizontal and vertical movement 
of the armature shaft, displacement transducers were 
fitted. These were spring steel strips fixed at one end 
with the free end in contact with the end of the shaft 
or its diameter for horizontal or vertical displacement 
being fitted at the end of 
the strip. The strain gauge for horizontal displacement 
can be seen on Fig.20a to the right of the photocell 
arrangement. The marking on the shaft end 
was caused by the rotation of the shaft against the 
ball end of the displacement transducer. A visual aid 
in the form of a dial clock gauge was fitted to indicate 
if any radial movement of the shaft was present, for 
Fig.20) 


respectively, strain gauges 


ireulay 


reference purposes only Impulses from the 
transducers were recorded as two 


the 12-channel recorder 


separate traces on 


To determine the temperature of the ingots during 
the complete rolling sequence, recordings were made 


with the aid of hand surface pyrometers, when the 


22 Vie w showing pre SSure transduce rs in situ 
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23 General view of motor room layout 


ingot was placed on the entry roller table and after 
leaving the final pass. The temperature before each 
pass through the mill in a forward direction was 
recorded by a photocell pyrometer positioned on the 
offside entry manipulator. This temperature was also 
recorded upon the 12-channel recorder 

Figure 23 shows the various items of equipment 
used, with the operations deck at the rear right-hand 
side overlooking the mill pulpit; Fig.24 shows the 
12-channel recorder unit and electrical units 

During the period of each test, information was 
recorded, with the aid of a portable tape recorder, of 
operational mill draft and clock readings, the time 
during which the material was in each pass, the time 
taken in transferring material from one pass to the 
next, and the total period taken in rolling the com- 
plete ingot. 

After comple tion of rolling and before the material 
left the run-out table, the thickness measured 
with the aid of calipers to enable a mill spring curve to 
be determined (Fig.26). This was later to be used in 
conjunction with an estimated spread in determining 
the entry size of the ingots into the respective pass. 


Was 


Comments on the filmed results 

Figure 25 is a small portion of the full recording, and 
littl until the data are 
determined for each and every trace The designation 


possesses value calibration 
to the left of the chart is self-explanatory, the numbers 
1 to 5 indicating the conditions at the time when the 
ingot material was in transit through the work rollers 
in either direction, i.e. odd numbers in the forward and 
even numbers in the reverse directions 


Calculated and tabulated results 


Table III gives the results of the conditions prevailing 
on the mill at the time of rolling a specific billet. The 
fact that each test required a similar table of results 
and recordings indicates the complexity and quantity 
of the work carried out by the research team. 

The headings in general are self-explanatory, but a 
few comments may be helpful. Column 1 indicates the 
number of the pass relative to the tabulated results. 
The details given under column 2 represent the calcu- 
lated thickness of the material on entering the rolls, 
with an allowance included to accommodate the 
spread of material that had occurred during the 
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24 = Layout of re: 


instruments 


ording 


previous pass plus an amount taken from the mill 
spring curve (Fig.26), which caters for the experi- 
mentally determined spring of the mill, e.g. elongation 
that may take place at the housings due to serewdown 
loading, clearances in bearings, screwdown nuts, ete 

The following column (3) indicates exit dimensions 
of the ingot after a pass and is equivalent to the next 
entry condition, the exception being when the ingot 
is turned. Column 4 (#/-h) is therefore equivalent to 
the reduction of the material within any specific pass. 

Information given under column 5 is as taken trom 
the screwdown load chart (see Fig.1S for typical 
recording). 

Column 6 is shown under four sections, denoting the 
torque applied to the top and bottom spindles, the 


total torque applied to the mill, and the ratio of 


applied torque to the spindles. During the early passes 
the bottom spindle carries the greater torque. this 
being transferred to the top unit in the later stage. 
The motor speed in revolutions per minute, as taken 
from the tachogenerator calibrated with the 
photocell recorder, is shown under column 7. These 


and 


speeds were confirmed by the relative motor room 
chart, a typical recording being shown in Fig.2] 

The time during which the material was in the pass 
was important for calculation purposes; typical 
readings are shown under column 8. 

The mill motor loading amperes and voltage are 
recorded under columns 9 and 10 respectively. Details 
of the horsepower of the mill at the various pass con 
ditions, as calculated from information gained from 
the tests, are shown under column 11, with a corrected 
value under column 12 where a mill efficiency factor 
has been taken into account. It had been assumed that 
the mill efficiency for these conditions should be 90°,,. 


but this is rather conservative, as it may at times be up 


to 95°, efficient. 

At times the evaluated horsepowers are in excess of 
those stated in the mill specification. All the values as 
given under column 12 require conversion into terms of 
r.m.s. horsepower, the average value of the specific 
test being shown at the lower portion of Table IIT. 

Details of recorded temperatures before and aftet 
completion of rolling are included upon the chart. A 
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TABLE II! 


mperature afte 
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temperature drop occurred during the complete 
sequence of 50 -€ 


Findings from tests 


The knock within the coupling area occurred 2 s 
before the entry of the material into the ninth pass, 
the slab being at that time in a vertical position. This 
corresponded to the point of rolling, where a heavy 
drafting occurred after the material was turned on its 
edge owing to spreading having taken place. The 
vibration caused by this knock occurred only in the 
vicinity of the coupling and gearbox, showing on the 
torque trace as oscillations. 

Disappearance since the fitting of the flexible 
coupling indicated that the noise emanated from the 
slab coupling but did not verify that the cause had 
been removed. The absence of unusual values of load 
ing or spindle torque, however, indicate that the 


process of rolling did not inflict any high stresses upon 
the plant 
Inspection carried out during the stop period to the 


pinions, palm end of spindles, and carrier pivots 
showed no indication that they had been subjected to 
heavy impulse loads. The pinions did, however, show 
signs of excessive pitting and wear, the result of using 
an unmatched second-hand pinion that was in a rela 
tively poo! condition when fitted. The original bot- 
tom pinion at the time of the breakage had been in 
good condition, but had suffered greatly in simulating 
the mating conditions and irregularities of the tem 
porary replacement 

The recorded trace of the armature shaft movement 
showed up as a mirror trace of the offside bearing 
pressure, the latter increasing as the shaft floated out- 
wards. The maximum recorded float was 0-012 in., 
corresponding to a maximum pressure fluctuation of 
33 lb/in®. The radial movement or lift on the shaft at 
the inboard bearing was found to be 0-005 in. 

Maximum loading and torque occurred during tests 
carried out in the rolling of what is considered to be 
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27 = Stress distribution through mill train for spindle torque of 4000 ton|/in. from tests carried out excluding pinions 


the most difficult steel within Lysaght’s manufactur- 
ing range, silicon-manganese. The maximum load 
recorded was 700 tons, compared with a permissible 
load of 1 ton/in® of mill post area, a total cf 1 800 tons. 
The greatest torque recorded was 4000 ton-in., 
calculations showing that at this torque the stresses in 
the slab coupling, pinions, spindles, and roll necks 
were well within the design limits of the respective 
materials. 

When simulating the conditions existing at the time 
of the pinion breakage (15 passes), it was noticed that 
the torque recorded on the first eight passes exceeded 
those of the revised drafting conditions (19 passes). 
This was found to be in the region of 33°, when 
rolling a 5} in. x5} in. billet section. An estimated 
increase of 32°, would be applicable for a 12} in. 

2 in. section. In no instance, however, did the total 
torque exceed 4000 ton-in. 

Under all conditions of the tests carried out, the 
motor was found to be working well within its capac- 
ity. During the rolling of a 5} in. x 53 in. section, the 
approximate r.m.s. horsepower was 4000 with a 15- 
pass cycle, whereas with a 19-pass rolling the r.m.s. 
horsepower was 4500, the time factors being very 
similar. 


GENERAL CONCLUSIONS 


From the results of the tests carried out and calcula- 
tions made, it was proved that the shear stress in the 
members of the mill train were not exceeding con- 
ditions envisaged and covered in the initial mill design 
(Fig.27 shows the distribution of stress through the 
above). If the mill is operated under conditions pre- 
vailing at the time of the tests, major breakdowns to 
equipment should not occur, as the plant is working 
well within its capacity. ° 
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The modifications carried out by the fitting of the 
flexible coupling indicated no appreciable effect upon 
the performance of the mill, but they dispelled 
the unexplained noise at the coupling. They should 
result in the elimination of maintenance troubles in 
this area, and remove the mechanical shock from the 
motor, which is absorbed by the rubber elements in 
the coupling. 

The results show that the 15-pass rolling cycle could 
be adopted for general working during the rolling of 
54 in. x 54 in., 7 in. x7 in., and 124 in. x 2 in. sections, 
resulting in a possible increase of tonnage output of 
up to 10%, 

The results and information gained from the tests 
should prove most useful in future design of rolling 
mills and follow the pattern of conditions envisaged 
and allowed for in design specifications. Above all, the 
tests provided facilities for gaining information which 
had previously not been available, and which should 
in the future prove most beneficial. 

To decide whether to hold spares of the nature of 
pinions, etc., to await installing upon a breakage or 
life basis is not the object of this paper. However, the 
author believes that, in industry as in life, one must 
take a certain number of risks. In the instance of the 
pinions, if it had been decided to take a calculated risk, 
it was unfortunate that it failed, but by good fortune 
and good will between competitors, it was possible to 
borrow a second-hand pinion that had been replaced 
on a life and wear basis. The benefit to be obtained 
from standardization of major pieces of plant could 
not be better illustrated. 

It is fully realized that many people will feel that 
spares of this nature should be available. To this the 
author would agree, since on the price argument, 
which it must be agreed can be considerable, no firm 
should place an essential part of its plant in jeopardy, 





when such components may take up to 12 months to 
obtain as replacements 

Arising from the pinion breakage two factors are 
worth consideration. Occasionally, and particularly at 
shop-floor level, past experience and rule-of-thumb 
methods are used for the determination of shrink and 
press fit tolerances. These can possibly result, but not 
necessarily immediately, in breakage by hoop stress 
etc. At times insufficient bedding of teeth is carried 
out, followed by periodic inspection, with if necessary 
further bedding. This may not always be the fault of 
the engineering staff, but may be necessitated by pro 
duction requirements It is suggested that an extra 
period of, say, 12 h may result in a later saving of two 
to three days downtime and loss of production 

Period should not be 


inspection of gears, et 


Nisbet Aspects of lighting 207 
ignored just because they are encased within a gear 

box. These need the same care and attention as any 
other part of the plant. As has been Lysaght’s pra 

tice, an annual inspection and crack detection of teeth 
and journals, with the aid of magnetic 
other method, is considered essential 


ink or some 
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Some aspects of lighting in the 


iron and steel industry 


D. R. M. Nisbet 


MUCH has been and is still being written on the subject 


of lighting. This material is produced, in 


most cases 
bv those who may not be strictly classed as users. It 
is hoped in this paper to present a user’s view on 


lighting, or on some of the factors that may influence 


the user, a large integrated iron and steelworks, when 
formulating a 

It is most important to 
standard of lighting is t 
disagree today that all lighting must be good lighting, 
good for the conditions for which it is provided. How 
ever, good lighting in vy a melting shop 
might be totally inadequate for the needs of a machine 
shop, and conversely the 
machine shop will, most likely, be 
necessary in a melting shop. It follows, therefore, that 
each function o1 must be 
separately, and the level of illumination required for 
each must be decided on its own merits 

It is most important that, having decided on a value 


ighting policy 
decide first of all how high a 
be adopted. No one would 


one area, say 


intensity required in a 
in excess of what is 


working area considered 


of hting intensity for any particular area, this value 
should be maintained at all times. It is just as import- 
ant to maintain an established standard of lighting as 
it is to maintain, sav. a standard voltage or a standard 
oil pressure, In fact, any standard that has been logic 
ally established on the works; to do otherwise is 
wasteful. 

To assist in establishing the correct standard of 
lighting to be employed under the varying conditions 
that exist on a large iron- and steelworks, there are 
several published references that can be consulted. In 
fact, certain circumstances demand a minimum stand- 
ard of lighting that has to be provided by statute. 
Where these minimum standards apply in an iron and 
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189] 
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maintenance 


li thtina can be p rided ata justifiable cost 


steelworks depends to some extent on the interpreta- 
the appropriate regulation, for although 
there is a qu ilified exe mption given to some parts of 
iron- and rks, the regulation must apply in 
others. A reminder of these regulations might not be 
out of place at this point. 
Requlati 4 
The ge 


factory 


tion placed ¢ ni 


STOCCTW 


] liyy ’ + ; f | 
nerail lluminatic ver thos interior parts i tne 


employed shall not 
in the he 


where persons are regularly 


be less than 6-ft candles measured rizontal 
plane at a level of 3-ft above the floor. Provided that in 
any such parts in which the 
light 


exceeds 


mounting height of the 
sources illumination necessarily 
25-ft the the 
structure of the room or the position or construction of 


for general 


measured from loor or where 
the fixed machinery or plant prevents the uniform 
attainment of this standard, the general illumination at 
the said ley 2-ft candles, and 


where work is actually being done the illumination shall 


el shall not be less than 


not be less than 6-ft candles, or the greatest reasonably 
practicable illumination below 6-ft candles 
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(6) The illumination over all other interior parts of the 
shall when 
and where a person is passing be not less than 0-5-ft 


factory over which persons employed pass 


candles measured at floor level 
Ihe standard specified in this shall be with- 


judice to the provision of any additional illumin- 


regulation 
yut pre 
1 required to render the lighting sufficient and suit 


able f 


r nature of the work 


It is clear from this regulation that although mini- 
mum figures of 6 lumens/ft* and 2 lumens/ft* are 
quoted, in certain circumstances these would be con- 
other words, the maximum 
lighting intensity necessary in each case is left to the 
discretion of the lighting designer. It would 
therefore, that in those places in an iron and steel- 


siderea inadequate. In 
seem, 


works where regulation 2(a) applies (e.g. in workshops) 
a recommended code of practice should be adopted. 

As previously stated, certain exemptions are allow- 
ed, and these are concerned with the type of work 
being done on the plant. Details of the exemptions are 
given in subsection 5(b) of the regulations. Here it is 
found that regulation 2(a) will not apply to ‘parts of 
factories in which the following are carried out. The 
conversion of iron into steel, the smelting of iron-ore, 
iron or steel rolling, hot rolling or forging, tempering 
or annealing of metals’. 

From this it follows that, whereas there are certain 
working areas where, being bound by statute, guid- 
ance is given by authority on the minimum standard 
of lighting to be provided. There are other working 
areas where no such guidance is given. It is with these 
areas that the remainder of the contents of this paper 
are largely concerned. Examples of these are melting 
shops, cast houses, rolling mill buildings, ete. 

How then is a figure for a satisfactory standard of 
lighting to be assessed for these areas! The first 
question that arises is, why are such areas exempt 
from statutory regulations! Presumably, one of the 
main reasons is because it is recognized by authority 
that the actual area where work is being done is only a 
small percentage of the total area that has to be lit. 
Another reason may be that the class of work normally 
done in these areas is such that a high intensity of 
lighting is not necessary to enable the performance of 
the work to be carried out satisfactorily. It is, there- 
fore, unnecessary and costly to overlight such large 
areas. 

On deciding a suitable illumination level for these 
areas, there are several factors which ought to be given 
due consideration. Some of these factors are obvious, 
and some are not quite so obvious, but still important. 
Four such factors are: 

1 Environment and safety 

2 Experience and practice 
{ ost 


4 Maintenance 


ENVIRONMENT AND SAFETY 

The importance of environment has already been 
indicated by stating that all lighting should be good 
lighting. It will not be good lighting if any physio- 
logical strain is imposed on personnel due to limita- 
tions in the design of the installation. However, it is 
not necessary to discuss this aspect further here as this 
discussion would merely be a repetition of what has 
been said many times before by several authorities, 
who give ample guidance on the various factors to be 
taken into consideration. 
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It goes without saying that for safety’s sake, too, all 
lighting should be good. However, safety ought to be 
an end rather than a means to good lighting. Any 
lighting system which fails to satisfy the needs of 
safety is an indictment and could be construed as a 
breach of regulations. 


EXPERIENCE AND PRACTICE 


On any iron- and there are still many 
buildings in which the lighting intensity is of the order 
of 1-2 lumens/ft?, and in these buildings work has 
been going on satisfactorily for many years. Produc- 
tion have broken with monotonous 
regularity and it is doubtful if the most plausible 
advocate of better lighting could prove that an 
increase in lighting intensity would increase produc- 
tion. Without such 
obvious that certain work can carry on under such 


steelworks 


records been 


condoning arrangements, it is 
conditions. This fact is significant as it provides a 
theoretical bottom limit to the standard of lighting 
required and it provides some sort of yardstick to use 
when consideration is being given to the top limit. 

While, as has been stated above, work can be carried 
on satisfactorily in comparatively low lighting intensi- 
ties, it is now accepted that lighting standards of 
yesterday are well below what are considered as 
normal today. This applies not only throughout 
industry but even in domestic surroundings. Lighting 
is an amenity and the demand for better lighting has 
grown along with the demand for other amenities. It 
follows then that something more than just adequate 
lighting has to be provided to keep abreast of the 
times. j 

The snowball effect of improved lighting has to be 
borne in mind. It has already been stated that a good 
standard of lighting has to be provided by statute in 
some parts of the works. Immediately this is done, all 
other installations which are not lit to these standards 
become badly lit by comparison. However, there is no 
justification for improving lighting beyond the 
required intensity in order to preserve uniformity of 
values. A melting shop does not need to be lit to the 
same intensity as a machine shop or, to take it to 
extremes, a drawing office. 


COST 


Obviously, one of the most important factors to be 
considered when a lighting scheme is being designed is 
the cost. But for cost, all areas could be lit to near 
daylight conditions. This might please the lighting 
engineer, but certainly not the accountant. It is fair 
to state, therefore, that the amount of light to be pro 
vided in any working area is somewhat of a com- 
promise between the best lighting possible and the 
most economic. Note, however, that the most econom- 
ical lighting scheme will seldom be the cheapest 
installation. Many considerations enter into the 
economics of lighting and not least of these may be 
efficiency of production. Claims that good lighting can 
increase productivity are continually being made. The 
standard of lighting, therefore, should be the best 
justifiable. 

In order to assess the various factors affecting the 
cost of lighting, a typical area (an open-hearth melting 
shop) has been considered. For comparative purposes, 
the costs for a number of different schemes of lighting 





Power 


lia jram showw 


elements that make 


have been estimated. For simplicity the comparison 
has been made on a basis of the same total lumen 
output which, while not. strictly 


enough for these purposes 


accurate, Is near 


The systems that have been compared are 
Scheme 1 1000.W tun 
ho \ 
1o00.W > tungs 
discharge lamps, voltage 
LOooO-W 
discharge lamps, voltage 250 \ 
100-W M.B.F./U., voltage 250 \ 
1000-W M.B.F./U., voltage 440 V 


gsten-filament lamps only, voltage 


100-W 
separate fittings) 
s00-W 


twin fittings 


ten-filament and 
boy 


and 


mereury 


Scheme 3 tunysten-filament mereury 
Scheme 4 


Scheme 5 
In each case, costs have been estimated for 


(a) Initial installation (including the cost 


of fittings, 


formers and wiring. lamps, and labour to install) 


(h) power consumption 


Lamp changing (including the labour costs involved 


Note: In all cases list prices have been used 


The life of the fittings has been given as 15 years and 
the life of the installation The number of 
burning hours per week has been taken as 140 and the 

power as £7 2s. per kW maximum demand 
plus Id. per unit used. From these figures, and taking 
depreciation on a straight-line basis, annual costs have 


as 30 vears 


cost of 


been calculated and a block diagram prepared (Fig.1) 
This shows the comparative annual costs of the various 
forms of lighting and the main elements making up 
these costs. Curves have also been drawn to show the 
effect on distributed 
power cost and also of a variation in burning hours on 
Kig.2 

The important part of Fig.l is the annual cost 
and it is interesting to note, on examining the break 
down of this cost, that the item which most influences 
the annual cost is the cost of power. It goes without 
therefore. that the which 
powel a distinct advantage over 


annual cost of a variation In 


the several lighting schemes 


saving svstem 
least 
systems. However, it 


advantage outweighs all others 


Consumes 
all other 
assumed that this 
Before a 
system is made, there are several aspects to consider. 
The most important of these are now discussed under 
their several headings 


has 
must not be 


choice ot 
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1: LOOO-W ¢t £ 
1O00-W > tungst 
4 arate 
1OoOoO-W tu 
twin fittings 

4; 400-W MBF. 
1000-W M.B.I 


i 168 h burning 


mrning hours and 


Application 

One of the essential features of any lighting scheme is 
that there must be an even distribution of the light 
over the area. In order to achieve an even distribution 
of light, the ratio of the number of lighting fittings to 
the area must be the correct one. For example, one 
high-wattage lamp in the centre of a large room may 
produce a total amount of light which is sufficient to 
light the room adequately, but most of the light will 
be cast under the lamp itself while the extremities of 
the will be comparatively poorly lit. This 
principle applied to a large building would give a 
spotty’ distribution which would be most undesirable 


room 


To achieve a satisfactory distribution there is a mini 
mum number of fittings which must be used, and this 
minimum is largely dependent on the design of the 
fitting and the height at which the fitting is mounted. 
It follows then that lamps having a very high lumen 
output can only be high 
The lamps that are scheme. 5, 
high 


lumen 


used in comparatively 


buildings shown in 


lamps having 
output of the 


] 
lamp of 


for example, are 
three the 
wattage tungsten-filament 
means that it practicable to use 
type of lamp ina very high buildin 
in the other 
application 


very output 


about times same 
This 
this 


The lamps quoted 


scheme | 
would only be 


schemes have a much more general 


Working voltage 
general use 


$40) \ 


three standard 
Woy i! 


There are 
lighting: (1 
110-V 
110 V is fairly widely used in heavy industry for 
lighting. The 110 V can be obtained through double 
wound transformers which have the centre-point of 
the secondary 


voltages in 
POO \ 


and (ii 


system 


winding connected to earth. This en- 
sures that the voltage, above earth potential is only 
55 V, a voltage generally considered to be safe. An 
added advantage of this system is that a convenient 
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safe supply is made available for socket outlets for 
portable tools. 

One of the advantages of tungsten-filament lighting 
is that the installation can be operated satisfactorily 
at 110 V. In fact, 110-V tungsten-filament lamps are 
more efficient than their 250-V counterparts because 
of the higher light output per watt which the lower- 
voltage lamps give. shown in Fig.1, 
tungsten lighting is costly in power consumption, 

One way in which the high power costs can be mini- 


However, as 


mized is to use mercury-discharge lamps in conjunc- 
tion with the tungsten lamps. This arrangement has 
come to be known as a ‘blended’ system of lighting 
and the effect of this on cost is shown in Fig.1. There 
is, however, one disadvantage with this system, 
namely that the life of a 110-V mercury-discharge 
lamp is comparatively short, only 1500 h, compared 
with 5000 h for the same lamps at 250 V. However, 
where the working voltage is 110 V, a blended lighting 
scheme shows certain advantages, mainly in running 
costs. 
250-V system 
250 V is probably the most widely used voltage for 
lighting. At this voltage the disadvantage of the 110-V 
mercury-discharge lamp (comparatively short life) is 
overcome. As previously mentioned, the present rated 
life of a mercury-discharge lamp on 250 V is 5000 h. 
From the safety aspect 250 V is obviously not as 
safe as 110 V, with 55 V to earth, but by again using 
the principle of double-wound transformers with 
secondaries, centre-tapped and earthed, the voltage to 
earth can be restricted to 125 V. However, while 
250 V de is covered by exemption 1 of the Electricity 
regulations, 250 V ac is not, so that the appropriate 
regulations must be complied with. Centre-tapping 
and earthing the midpoint of the transformer second- 
ary does not bring the system within exemption 1. 
There is no reason why any danger should exist from 
a 250-V system provided that it is properly installed 
and maintained. Any possible dangers that it may 
have are far outweighed by its advantages for use 
with high-wattage lighting installations. 
440-V system 
The safety aspect becomes still more important when 
440 V is used for lighting. 440 V is the nominal 
standard power-supply voltage in the UK, and tech- 
nically there is no reason why this voltage should not 
be used for lighting. Difficulties can arise with the 
human element, compared with 
circuits, lighting tends to be regarded as innocuous. 
This is probably the the ‘do-it-yourself’ 
fashion in domestic surroundings. If, therefore, such 
high voltages are used for lighting, those engaged on 
maintenance must be alive to the attendant dangers, 
and be more wary of the practices that are sometimes 
This is obviously 
still more important where two different voltages for 
lighting are in use on the same works 


however. power 


result of 


adopted on lowe voltage systems 


From the economic ingle. and if the application is 
substantial advantages to be gained 


by using the high-output lamps available for use on 


suitable, there are 
comparatively high voltages. 


Miscellaneous considerations 


Any form of lighting must cater for all the 
ments that may be called for. One requirement that 


require- 
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is often called for is colour discrimination, for example, 
the ability to distinguish one colour of order card from 
another. Compared with tungsten-filament lamps, 
discharge lamps fall down heavily on this count owing 
to the natural characteristics of the lamp. For exam- 
ple, the mercury-discharge lamps has negligible red in 
its colour spectrum. To improve the colour rendering 
of a lighting scheme based on these lamps, the missing 
colours introduced by other means. Two 
methods of improving the colour of mercury-discharge 
lighting have now become generally adopted. As 
already indicated, mix it with tungsten 
filament lighting, and the second is to coat the inside 
of the lamp with a red-biased emitting fluorescent 
powder, This is the principle of the well known fluores- 
cent lamp. This principle is now used widely in high- 
wattage industrial lamps, the M.B.F. series. By adopt- 
ing either of these schemes, colour-rendering quantities 
of the installation can be brought to acceptable 
standards. There is also a psychological aspect to be 
considered. Even when no colour discrimination is 
necessary for the class of work being done, uncorrected 
mercury-discharge lighting is ‘cold’ lighting owing to 
the preponderance of green and blue in its spectrum, 
and those working in its area look ‘sickly’. This is 
generally considered to be undesirable, and uncorrect- 
ed mercury-discharge lighting for indoor use is losing 
popularity for this reason alone. 

Two disadvantages of any form of discharge lighting 
should be mentioned. First, there is a stroboscopic 
effect which gives a flicker effect on moving objects. 
This has a nuisance value which can be reduced to 
some extent by suitable methods of connexion. 

The second disadvantage is that in the event of a 
failure of the supply, discharge lamps do not light 
immediately the supply is restored. The lamps have to 
cool before the are will re-strike, and this may take up 
to about 5 min. This obviously can present certain 
difficulties, depending on the work being done in, the 
lighted area. However, if a modicum of light is not 
otherwise available from local lighting or from the 
process itself, say from furnaces, this disadvantage 
can be overcome by installing tungsten filament lamps 
at intervals in the system. 

All things considered, there is obviously much to be 
said for discharge lighting that is colour-corrected 
either by using it in conjunction with tungsten- 
filament lighting or by using fluorescent lamps. Based 
on the cost over the life of the installation, however, 
the fluorescent lamp is to be preferred, even in spite 
of the very high initial cost. It should be pointed out 
that the high first cost is due mainly to the cost of the 
lamp itself. It is probably a fair assumption that as 
this type of lamp becomes more generally used, its cost 
will fall, thus further enhancing the case for its use. 

Still comparing the first cost of an installation with 
the running cost 
lative cost of the 


must be 


one is to 


the curves in Fig.3 show the cumu 
the 
first five vears of their life. The comparative steepness 
of the slope of the 
installation emphasizes the heavy running cost 
ated with this t\ pe of installation 

As a matter of interest, 


‘ 


installations under review for 


curve of the tungsten-tilament 


tSSOC] 


a family of curves has been 


derived from consideration of capital cost and running 
cost of a 300-W tungsten-filament lamp and an S0-W 


tube 
lumen output 


fluorescent both lamps having a comparable 

















Based on 140 h burning week 


3 Comparison of cumulative cost for first five years 


The relationship is plotted for a series of burning 
hours as shown in Fig.4. These curves show that the 
extra capital cost of a fluorescent fitting can be offset 
by the lower running cost. For example, if the average 
burning hours are 40 per week, then for the same total 
cost over 15 years (life of fitting), it is permissible to 
spend up to £21 for a fluorescent fitting compared with 
£2 for a tungsten lamp fitting. 

Having emphasized the cost aspect of lighting, some 
comment is called for on how lighting costs can be 
kept to a minimum. 


Hours of burning 

It has already been shown that the most expensive 
element in the cost of lighting is the cost of power. 
It follows, therefore, that if the number of burning 
hours can be reduced, there will be a proportionate 
reduction in running cost. 

There are several well established devices that can 
assist in this direction, using the principle of the 
photoelectric cell. For practical reasons, means must 
be provided to override these devices, and there is a 
constant problem of the arrangements being left 
permanently in use, thereby defeating the object of 
the photocel!. A timer used in conjunction with the 
overriding circuit which ensures that the photocell 
reassumes control automatically after a preset time 
can be used to overcome this difficulty 


Lighting intensity 
Another important consideration must be to ensure 
that gross overlighting does not occur. On the face of 
it, such an observation might appear trite, but there 
are indications today that such a trend does exist. 
Very high values of lighting intensity are being used 
for some steelworks areas which are totally uncalled 
for. In many cases, half of these values would be more 
realistic. 

It must he added that ‘realistic’ lighting 
values are used, the same realism must be applied to 


WwW here 
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4 Curves showing relationship between weekly burning hours 
and capital cost of fittings of an 80-W fluoresce nt tube anda 
300-W tungsten filament lamp 


the maintenance of the installation. It is cheaper to 
design a scheme to an adequate intensity and maintain 
it well than to overlight as a policy and neglect 
maintenance. The following example shows this. 

Consider an installation designed to 6 lumens/ft? 
and consuming 150 kVA. Again basing the cost of 
electrical power on £7 2s. per kW maximum demand 
charge and Id. per unit consumed, and assuming 140 
burning hours per week, then 


Total annual power cost= £5615 


If the maintenance is such that the efficiency of the 
installation can be kept to 80°, then 
-£5615« 0-8 
£4492 
£5615 x 
£1123 


Cost of useful power 


Cost of wasted power 


A drop in efficiency of 20°,, means that the value of 
illumination is from 6 to 4:8 lumens/ft?, 
which is still acceptable. 

If the eftic iency is allowed to drop to 50' 
ior maintenance, then 


reduced 
by inter- 


Cost of wasted power £: 
‘ 


2808 

At this reduced efficiency, the illumination would 
fall to 3 lumens /ft®, a figure that is certainly too low 
and 
steps should be taken to increase the value. However, 


even for the large working areas under review 
before it is necessary to spend capital on additional 
fittings, ete., £2808—£1123 
spent on maintenance to achieve the 

Alternatively if it is decided to acce pta low stand 
ard of maintenance and let the efficiency of the 
system fall to 50 basing the intensity on the low 
acceptable figure of 4-8 lumens/ft*®, the installation 
must be designed to 9-6 lumens /ft? 
the power requirements pro rata with the increase in 
intensity, total annual cost of £8984. An 
increase of £8984 — £5615 — £3369 per vear 

This does not take into consideration the additional 
capital that must be spent in providing an installation 
capable of producing 50°, more light 


{L685 per year could be 


ime object 


Taking increase in 


powe I 
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This argument is dependent on a standard of light- 
ing being accepted and maintained. This attitude 
towards lighting tends to be somewhat diftident. 
Unlike shortage of cooling water or lubrication, within 
limits production will carry on with reduced lighting, 
so that the case for spending money on maintaining 
the standard of lighting is more difficult to prove 


MAINTENANCE 


It has been shown that adequate maintenance arrange- 
ments on any lighting scheme are both desirable and 
economic. There are, however, certain practical con- 
siderations that arise on an iron- and steelworks which 
tend to make maintenance not quite so straightfor- 
ward as it might appear at first sight. 

Because of the variety of the functions that con- 
tribute to the production of iron and steel, for form of 
lighting required varies considerably. The following 
shows the make-up of the range of fittings used on a 
lighting installation on a coke-oven plant 


Commercial 171 
1049 
Open industrial, pole-mounted 78 
Flameproof 49] 
Bulkhead 422 
Floodlights 89 

Total 2300 


Open industrial 


Much of the lighting may be classed as local and as 
such does not fall into any regular pattern in quantity; 
the ‘density’ of the installation on this particular plant 
is only one fitting per 90 yd*. This results in a high 
time-consuming factor in maintenance, for the 
following reasons. 

First, consider lamp changing. Assuming an average 
burning time of 120 h/week (a lower average burning 
time has been assumed here because of the influence of 
the comparatively short-time burning of office 
lights) and an average lamp life of 1150 h (the hours at 
which 50°, have failed, from a typical survival curve), 
then the replacements required per week 

2300 x 120 


<cemniamatenentanmn 240 


1170 

Observation over a period shows that, owing to the 
diverse character of the lighting installation, the 
average time taken to change a lamp (including 
walking time, dismantling fittings, ete.) is about 
10 min. Therefore, the man-hours required per week 
for lamp changing alone is 40. This figure is for 
one man only, but in fact in some cases, say for safety 
reasons, two men are required to work together. 

This means that on a plant of this size, and based on 
a 42-h working week, one man is almost fully employed 
changing lamps 

The example given assumes that all lamps are 
tungsten-filament type. but the conclusion will still be 
fairly correct on plants with mixed lighting, for on 
such a plant the proportion of tungsten-filament 


lamps to other types used would normally be high. 
There are many theories, some of them well sup- 


ported by facts and figures, on the most efficient 
methods of lamp changing, but these tend to be 
evolved to cover an installation having a large number 
of similar fittings in a comparatively compact arrange- 
ment. 

Now consider lamp cleaning. Lamp cleaning would 
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seem to absorb more time per fitting than lamp 
changing does, but in fact the reverse is the case. The 
reason for this is that lamps fail at widely scattered 
points, and the element of travelling time between 
fittings is high. When fittings are being cleaned, how- 
ever, this work can be planned on an area basis, and 
so the non-effective working time per fitting is reduced. 
An observed average time for cleaning a fitting 1s 
about 6 min per fitting. Again, based on a 42-h week 
and assuming no ‘idle’ time, 420 fittings could be 
cleaned every week. On the plant quoted, this would 
mean all fittings could be cleaned every 2300+ 420 
weeks, i.e. 53 weeks approximately. This is a reason- 
able time cycle. In fact, what would happen in prac- 
tice is that some lamps would be cleaned more fre- 
quently, others less frequently, giving an average 
cleaning cycle ot 5} weeks. 

Unfortunately, iron- and steelworks areas seldom 
exist in convenient sizes to employ multiples of one 
man full time on lighting maintenance and, in most 
cases, one man may be doing lamp changing and lamp 
cleaning. This reduces the efficiency of working still 
further for, while lamps fail in different areas, they 
also fail at varying hours of the day. This means that 
if burnt-out lamps are to be replaced soon after they 
fail (and in some cases this may be necessary), the 
lamp-cleaning programme is interrupted, the non- 
effective working time and thus the 
efficiency of the cleaning operation falls. For this 
reason alone it would seem that lamp changing and 
lamp cleaning should, if at all possible, be kept as two 
separate functions. 

A further practical difficulty must be mentioned. In 
most plants, lighting maintenance personnel are semi- 
skilled as are craftsmen’s mates, and occasions arise, 
due to absenteeism or breakdown conditions, when the 
need for semiskilled labour is greater on work other 
than lighting maintenance. Under these circumstances, 
lighting maintenance inevitably suffers and the work 
eycle falls behind. It is important, therefore, that this 
point be catered for in some way when planning a 
lighting maintenance schedule. 

In conclusion it is hoped that the paper has empha- 
sized a few aspects of lighting that are in some way 
peculiar to the iron and steel industry and present 
problems which cannot be solved by standard methods 
in every case. It is felt that surrounding these problems 
there is scope for much study and thought especially 
in the field of lighting maintenance. But it is pointless 
to evolve a system which works only in theory. The 
proof of the efficiency of the system is that it is a long- 
term practical and economic success 

Further, it has been shown that good lighting is an 
expensive commodity, though a necessary one. How 
ever, with a realistic approach to design, for example, 
by lighting for requirements and not for show, by 
long-term rather than short-term costing, at least the 
expenditure involved can be justified. It should, per- 
haps, be stated at this point that the curves produced 
are based on certain general assumptions. While these 
assumptions may be varied to suit individual cases, it 
will be found that the trend of the curves is the same 
in each case. 

Finally, the importance of good maintenance cannot 
be over-emphasized. Good maintenance is the best 
way to ensure that value for money is being obtained 
from any lighting installation. 


increases, 





Engineering aspects of the Redbourn 
development scheme 


P. M. Hesketh 


INTRODUCTION 


ALTHOUGH the Redbourn scheme has not yet reached 
completion, the extent of the developments and the 
circumstances under which they are being carried out 
led to the suggestion that even at the present stage a 
paper would be of general interest. The subject has 
been dealt with in three sections: (a) a brief outline of 
the scheme and its objectives. (6) a detailed account of 
the engineering developments, and (c) special prob- 
lems which have arisen. 


OUTLINE OF THE DEVELOPMENT SCHEME 


The main objectives of the scheme were first, to raise 
steel output from less than 10000 ingot tons to at least 
14000 ingot and second, to increase the 
quantity of billets rolled from about 6000 tons to about 
12000 tons week. At the present time about 4000 tons 
week of sent to Vale and no mill 
is available to roll this material into billets 
When the developments have been completed, it is 
intended that the full output of steel should be rolled 
to billets 

To achieve these objectives. it 


tons week, 


slabs are Ebbw 


capacity 


Was necessary to 


carry out the following developments 

Mines 

The development of a new open-cast iron-ore mine at 
Winterton which will 
ironstone by some 25 million tons 


increase the reserves of local 


Coke ovens 

The rebuilding of 41 old coke ovens and the construc 

tion of a new battery of 62 ovens, to raise the output of 
coke from some S000 tons’ week to about 10500 tons 
week. 


Tronmaking 

An increase in ironmaking capacity, first by enlarging 
the diameters of the existing furnaces, and secondly by 
the installation of a modern ore preparation and sinter 
plant which will feed to the furnaces some 24000 tons 
week of high-grade sinter. Together, these develop 
ments will raise the iron make from about 7000 tons to 
about 11000 tons) week, and at the same time will give 
a lower coke rate for a better quality iron, 

Ntee Imaking 

The installation of the rotor steelmaking process to 


pre refine hot metal before delivery to the ope n-hearth 
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This treatment will reduce the 
time from about Il h to about 8 h 


furnaces. tap-to-tap 


Vill 

To raise the billet rolling capacity from 6000 to more 
than 12000 finished tons, the old reversing mill is 
being replaced by a continuous billet mill comprising 
four roughing and four finishing stands. By the addi 
tion of a further two roughing stands this mill will be 
capable of dealing with up to 20000 ingot tons should 
the need arise. 


Enqginee ring shops 
To accommodate the billet mill 


adjacent to the existing cogging mill and soaking pits 


new contimuous 
it has been necessary to transfer the engineering work 
shops to an entirely new building. The developments 
will demand better facilities and 
these are being prov ided in these new central « ngineelr 
ing workshops 

The 


carried out 


also 


maintenance 


being 
line chart in Fig.] 
Bearing in mind that these major construction pro 


which this scheme is 


is shown on the bar 


programme on 


grammes are being carried out concurrently while the 
plant is operating at normal levels of production, it 
will be appreciated that the engineering planning must 
be of the highest quality 


DETAILED ACCOUNT OF THE ENGINEERING 
DEVELOPMENTS 


Coke ovens 
Before development, the coke-oven department com 
prised two batteries of 41 ovens which had been in 
operation since 1938 and a 19-oven battery which was 
completed in June 1955 

The programme was to build a new 62-oven plant 
two batteries with 31 ovens each) and to rebuild com 
pletely one of the 4l-oven batteries. When the new 
62-oven battery is commissioned the other 41l-oven 
battery will be demolished and the ‘pad’ retained for 
future development. The by-product plant is being 
increased in capacity and provision is made in the 
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1 Development programme at Redbourn 


scheme for a gas booster house and pipelines to export 
coke-oven gas to the gas grid. 

A major problem which arose was that of feeding 
coal to the 19-oven battery during the reconstruction 
period, the 4l-oven battery being between the 19- 
battery and the service bunker. Coal had to be dis- 
charged from the bunker on to a cross conveyor then 
down a chute to a longitudinal conveyor running the 
length of the 41-battery on the pusher side at ground 
level. It was then elevated by means of a vertical and 
horizontal Redler conveyor and fed directly into the 
larry car serving the 19-oven battery. The longitudinal 
conveyor had to be bridged over to allow access to the 
rebuild operation. Fortunately this system worked 
extremely well and gave little trouble. 


Ore preparation and sinter 

The present practice is to crush the ore down to 5 in. 
and charge this stone, including the fines, directly on 
the furnaces. Under the development programme, a 
new ore preparation and sinter plant is being con- 
structed. This will comprise primary, secondary, and 
tertiary crushing, the local stone passing directly from 
the secondary to tertiary crushing, but the Northants 
stone passing via ore dryers after secondary crushing 
to tertiary crushing. 


The plant will be capable of a throughput of 


500 tons/h but the main crushers and conveyors will be 
capable of 800 tons/h. Coke rod mills are being pro- 
vided together with facilities for adding flue dust into 
the system. The sinter plant comprises two separate 
strands 8 ft wide and 208 ft long, with a rated output 
of 16000 tons/week per strand. Provision has been 
made for the installation of a third strand. 


Blast-furnaces 

The main units are three bucket-charged blast- 
furnaces with their ancillary plant. The major items in 
the programme were as follows: No.4 furnace was 
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increased from 17 ft 9 in. dia. to 19 ft hearth{dia. The 
‘horizontal—vertical charger’ was replaced by an 
inclined hoist, still retaining the bucket-charging 
principle, similar to that in use on the other two 
furnaces, and three new hot-blast stoves were con- 
structed. No.3 furnace was also increased from 
17 ft 9 in. to 19 ft dia. No.2 furnace has been increased 
in diameter from 19 ft to 22 ft. 


Biast-furnace gas-cleaning plant 

To cater for the increased blast-furnace gas make, the 
existing gas-cleaning plant, consisting of five scrubber 
towers and five electrofilter units, is being extended by 
a further scrubber tower and electrofilter unit. This 
will increase the cleaning capacity by 24 m. ft*/h. It is 
normal during three-furnace operation to have one 
unit off for cleaning and overhaul. Provision has been 
made for the addition of a seventh unit. 

Water from the gas-cleaning plant is treated in a 
Dorr thickener and the underflow passed to a disc 
filter unit to enable the sludge to be more easily trans- 
ported. The Dorr thickener was inadequate for dealing 
with the water after development and increased 
capacity had to be provided. Originally the scheme 
was to provide an additional thickener but this would 
have taken a considerable amount of space and would 
have been rather costly. Finally, it was decided to 
increase the depth of the pond by about 10 ft and to 
change the centre mechanism to a Clari-Floeculator. 
This has increased the capacity from a nominal 
240000 gal/h to 416000 gal/h and has given an overflow 
containing not greater than 3-4 grains/gal. Work on 
the civil engineering construction to increase the depth 
of the pond was begun in January 1960 and completed 
in July 1960. During this period the Dorr thickener 
remained in operation. 

The thickener was taken out of commission during 
the annual stop period, two blast-furnaces only being 
in operation, the water from the gas-cleaning plant 





being passed through a temporary settling pond. The 
centre mechanism was removed and a new Clari- 
Flocculator mechanism built up together with new 
flumes, etc., the unit being returned to service after 
10 days. 


Turbo blowers 
The existing turbo blowers are 

Two BTH, each rated at 60000 ft? min at 15 Ib in? 

yauge 

One Escher Wyss rated at 40000 ft® min at 17-25 

Ib/in? gauge 
One Fraser and Chalmers rated at 40000 ft?/min at 
15 Ib/in*® gauge. 
The last unit operates with low-pressure steam and is 
kept as a standby. 

None of these blowers will be capable of supplying 
the volume of air to the enlarged no.2 
furnace when operating on sinter. Therefore it was 
decided to install a Richardson Westgarth axial blowe 
to cater for this demand, and this unit will replace the 
existing Fraser and Chalmers unit. It will be rated at 
55000 ft3/min at 18 Ib/in? but by modifying the blad 
ing this can be increased to 72500 ft?/min at 25 |b/in? 


necessary 


Meiting shop 


120-ton tixed OH furnaces in the 
melting shop together with a 500-ton mixer, the iron 
from the blast-furnaces normally passing to the de 
siliconizing plant before going to the OH furnaces. It 
was decided to install a rotor furnace to pre-refine the 
iron from the blast-furnaces before charging to the 
OH furnaces. This will reduce the load on the OH and 
enable the shop output to be increased, 

The original rotor vessel at Oberhausen in Germany 
is capable of rotating about its longitudinal axis, with 
a small degree of tilt, but the unit to be installed at 
Redbourn rotates about its longitudinal axis and in 
addition can be rotated in a horizontal plane. This will 
allow the vessel to be moved into various positions for 
charging, oxygen blowing, slagging, tapping, ete., and 
to be changed end for end to equalize lining wear. The 
vessel will be tilted for slagging and tapping and will 
tilt so that the axis of the vessel is vertical. In this 
latter position the vessel will be taken from the 
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turntable cradle and be moved by winching to a re 
lining position. A spare vessel will then be placed in the 
turntable and continued while relining 
takes place on the first vessel. The principal details of 
the plant are 


operations 


Capacity of each rotor vessel 85-100 tons 
Inside diameter of vessel 14 ft 1 in. approx. 
49 ft 3 in 


Speed of rotation 0-5-—5-0 rev/min 


Length of vessel approx 

During the pre-refining, slag is produced with a sale 
able P,O, content and a plant for processing this slag 
is being constructed in the works. 

In the early stages of development, four of the OH 
furnaces have been rebuilt to a new design, and these 
rebuilds are described later in this paper. 


Rolling mill 

The main development in the rolling mill is the 
replacement of the two-high steam-driven reversing 
billet mill by an electrically driven continuous billet 
mill. The new mill consists of a four-stand roughing 
mill and a four-stand finishing mill, the stands being 
alternately horizontal and vertical 
independently driven. 


and each being 

This new mill will be served by the existing cogging 
mill and will be situated in an adjacent bay at present 
housing the engineering shops. The layout has been 
that completed 
while the existing reversing mill is still in production 
the old mill will be taken out of service as soon as the 
new mill has achieved the required performance. An 
important feature of this new mill is that sizes can be 
changed and the change made from billets to small 
slabs in a matter of minutes. A further feature of 
special interest is the installation of a continuous 
inspection facility and this is dealt with in some detail 
later 

As part of the development programme in the mill, 
the existing cogging mill will be modernized, the main 


designed so commissioning can be 


items being new stands, manipulators, roll-changing 
rig, and scale flushing. Also one new four-cell soaking 
pit of the ‘horseshoe’-fired type with metallic 
recuperators was commissioned in January 1960, and 
a similar unit to replace two old pits will be commis 
sioned in the spring of 1961. 
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Central engineering shops 


As the present workshops will have to be vacated to 
accommodate the new continuous billet mill, it has 
been necessary to design and construct a new central 
engineering facility. This building, which is illustrated 
in Fig.2, incorporates many modern design features 
and full advantage has been taken of the most up-to- 
date materials of construction including plastic-coated 
sheet 


Steam and power 

The present steam-raising capacity consisting of three 
200 Ib/in® water tube boilers and 20 Lancashire boilers 
at 150 tb in® will be increased by the addition of three 
boilers rated at LOQOOO Ib/h MCR at 650 Ib/in?. The 
Lancashire boilers will be demolished when the new 
plant has been commissioned in the summer of 1961. 
In addition, waste heat boilers have been installed on 
two of the OH furnaces and steam-cooled lintels are to 
be installed on one of the OH furnaces. 

The steam from the new boilers will pass through a 
5268 kW back-pressure turbo alternator, exhausting 
at a pressure of 300 Ib/in? for the turbo 
blowers and for supplving the rest of the works where 
the pressure is 150 Ib/in*®. The existing three turbo 
alternators in the power house comprising two at 
1500 kW and one at 3000 kW will be supplemented by 
a 1958-kW  medium-pressure back-pressure turbo 
alternator exhausting at 155 Ib in? 

Finally, it should be mentioned that perhaps the 
most far-reaching changes called for by these develop 
ments concerned with material-handling 
facilities. The alterations and extensions to the rail and 
road layouts within the works have been extensive. 


use on 


have been 


SPECIAL PROBLEMS WHICH HAVE ARISEN 


\ll schemes of this nature must be engineered so as to 
limitations in 
time, space, and finance. It would be quite impractic 
ible to outline all the special problems which have 
Never 
theless, it is possible to outline the main features of 
two of these problems and it is hoped that others can 
he considered when this paper is discussed 


overcome the obstacles imposed by 


arisen within the scope of the present paper 


Furnace rebuilds 

During the developments, four OH furnaces were to be 
rebuilt to a 
enlarged slag pockets, and the use of retractable fuel 
burners 


new design based on single uptakes 
This design incorporates a complete basic 
and 
slag pocket main walls. These changes had already 
been tested on a previous furnace and had shown 
improvements on production from that of the original 
furnace. The rebuild of the furnace involved the 
complete wrecking down to foundation level before 
erection of the new structure. 

The first to be rebuilt was A furnace and all the 
materials were prepared in our own workshops. Dis- 
mantling began on 12 July 1958 and the furnace was 
completed and gassed on 21 August 1958. The annual 
‘stop’ fortnight occurred during this period and the 
furnace could not be fully manned as personnel were 
engaged on other work. This had been realized, but as 
the furnace would not be operating during this period 


suspended roof, suspended slag pocket arches, 
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it was decided to proceed. This rebuild required 40 
days which was too long a period to have a furnace out 
of production. 

Means of cutting down this time were examined and 
from the records of the A furnace rebuild it was clear 
that although materials had been carefully prepared a 
significant amount of site work was involved; also 
the number of crane lifts required was high. It was 
therefore decided that preparation for C furnace 
would aim at complete assembly of the furnace struc 
ture in the engineering workshops, dismantling in the 
largest possible transportable sections, and re-erection 
on site using the minimum number of crane lifts. 

Had it been possible to transport the complete 
structure, which was in the region of 350 tons, in say 
three would have very simple 
matter to make the fabrication sound enough to travel 
Bulk and weight made this out of the question in the 
engineering shops and crane girder headroom was the 
deciding factor in the melting shop. However, large 
sections such as the port ends and block ends were left 
assembled and this meant the saving of 60 lifts on site 
In addition, the building of all foundation sections at 
the end of the furnace stage further reduced the actual 
number of lifts during erection. To reduce further the 


sections, it been a 


load on the stage crane and to expedite the dis 
mantling of the furnace, a special track and bogie were 
prepare d to be fixed across the furnace stave after gas 
was taken off the furnace. This track gave access to 
the adjacent magnet crane bay 

Personnel worked on shifts during the whole of the 
rebuild. The 


tons and the number of bricks used was 


weight of steelwork erected was over 350 
» 


with a total weight of 1200 tons. Despite this, the 
furnace returned to production only IS days after 
wrecking began. Detailed costs taken during the re 


DTOOO pieces 


build, including the prefabrication in the workshops 


the method 
used was cheaper and valuable furnace hours were 
gained 


showed that in addition to saving time 


For the next furnace rebuild on B furnace the same 
methods were used and, in addition, the furnace pipe 
work for water cooling was prefabricated to reduce 
further the site work required. This rebuild was com 
pleted and flares lit on the 16th day atter demolition 
began. A large amount of extra work was involved in 
this case as the chequers were in bad condition and it 
was decided to redesign to give a single chamber at 
each end of the furnace, using a flat fully suspended 
roof. During the rebuild, this involved an additional 
50000 bricks as compared with C furnace 

The fourth furnace has already been assembled in 
the engineering shops and site work will take place at 
the end of 1960, and it is hoped to equal or better the 
previous times. This work on the OH rebuilds has once 
again shown the value of careful planning and the 
advantages of doing as much as possible away from 
the producing unit. 


Continuous inspection 

Under existing arrangements, inspectors walk on the 
cooling banks. the bars being turned so that all sides 
can be seen. Good bars, normally 60°, or more of the 
cast, are sorted and loaded for despatch, defective 
bars being sent to the dressing area. Personnel include 
an inspector, two helpers, and a loader. On the new 
billet mill it became apparent that space available for 
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banks would be 


would 


cooling limited and 
method therefore. have to be 
inspection done away from the banks 

It was suggested that if the bars were run off the 
cooling banks on to a roller table, the bars could pass 
Inspectors who could bypass defects and send good 
bars direct into a cradle for despatch. This would 
involve the crane being used only once for the good 


the present 


modified and 


bars. Tests were made and it was found that inspection 
could be comfortably carried out with bars passing the 
inspectors at 200 ft min. Relating this to the output of 
various sizes of billets and showed that one 
inspection line would be sufficient for most sizes and 
that two lines would cover all outputs. 


slabs 


The first tentative layout gave an inspection line in 
which the bars first passed two inspectors, one on 
either side of the rack. The bar was then turned and 
passed two further inspectors so that all four sides 
were examined. To cater for 30-ft billets. this gave a 
long inspection layout. A suggestion was then made 
that if on leaving the cooling banks the bars were 
turned on to the diagonal and run on V-rollers, all four 
sides could be inspected by passing two inspectors 
instead of four. Tests were carried out and showed that 
this was quite feasible and reduced the length of the 
inspection line by nearly 50°,. Lighting tests have 
also been carried out to ensure adequate illumination 
without glare for two inspectors sitting opposite to 
one another 

The method of operating this inspection equipment 
will be to push bars from the four-section cooling bank 
by means of skids on to a runout table with individu- 
ally driven rollers running at a speed of 300 ft/min. 
Groups of bars will then be conveyed into the reach of 
a chainskid, which has a conveying speed of 100 ft/min, 
to bring the bars at the option of the operator on to 
one of two cross-transfers, depending on which of the 
two inspection lines is being used. The cross-transfet 
has a skid speed which is infinitely variable within a 
range of 1-10 ft min. The bars will move towards the 
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V-roller table at a speed corresponding to the bar see 
tion and length. One bar after another will fall at equal 
time intervals over an inclined plane on to the V 
roller table. An automatic mechanism to 
damage to the V-rollers from falling 
designed. 

The V-roller tables which a speed range of 
100-300 ft min will take the bars past the two inspec 
tors. The V-roller table is followed by a further table 
of cylindrical rollers which has a constant speed of 
300 ft min. In this roller table are arranged three chain 
skids and The 
side or the 
other as may be required. When either of the inspect 
ors finds a defect he will operate a push-button which 
automatically reverses the pushing direction of the 
chain skids to send the bar into the defects cradle. The 
good bars go automatically into the necessary cradle 
A number of cradles are provided in each line of both 
good and defect bars, and one of the inspectors can 


preve nt 


bars has been 


have 


a number of disappearing stoppers 


chain skids can be moved either to one 


by selection of the disappearing stoppers, decide 
which of the cradles is to be used. It is not intended 
that the defect bars be marked in any way as a single 
defect will be sufficient to reject a bar, and the inspect 
or need not look for any more faults. It will then be the 
responsibility of the dressing area to examine all the 
defect bars and to dress where required 

Although the inspection equipment will not go into 
operation until the end of 1961, most of the features 
have been tested and it should provide a quicker 
method of inspection with reduced crane handling and 
possibly reduced manpower. 
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Developments at Appleby-Frodingham 
since 1954 


E. A. Atkin and E. F. Farrington 


INTRODUCTION 


IN COMPANY with most other iron and steel plants, the 
recent history of Appleby-Frodingham has been one 
of continued expansion and improvement of its pro 
duction processes 

The work done since 1954 can only be briefly des 
cribed, but it is hoped that sufficient has been included 
to make the paper of general interest and that such 
particular omissions as appear to individual readers 
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SYNOPSIS 
The paper gives a brief history of Appleby- Frodingham 
and performances It then describe 

1954 outlines the recently 
announced deve lopme nt plans. 


current 


plant 


deve lopments and 


Naerice 
PSO6 


will only serve to stimulate discussion at its pre 


sentation. 


HISTORICAL BACKGROUND 


The plant is the result of the amalgamation of two 
separate Companies, the acquisition of a third, and the 
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TABLE | Appleby-Frodingham Steel Company production data 1954-59 





Product 53-54 54-55 55-56 56-57 57-58 58-59 





Tons 
4506 267 
612399 
3347680 
1292470 
1176595 
374114 
442341 
121973 


Tons 
4691535 
657331 
3494750 
1342730 
1172105 
383175 
450 460 
120155 


Tons 
4103092 
660516 
2843750 
1127980 
1060 446 
357 324 
435056 
121877 


Tons 
4324441 
648175 
2977770 
1201070 
1029810 
346591 
395912 
104870 


Tons 
3556131 
655404 
1958820 
978270 
1059701 
341286 
420797 
124563 


Tons 
4940963 
664565 
3800 240 
1389650 
1126846 
289843 
450 488 


Ore crushed 
Coke made 
Sinter 

Iron 

Ingots 
Sections 
Plates 
Basic slag 


139134 





extension of its territories over contiguous areas 
following ore mining. 

The Frodingham [ron Company began operations 
in 1865, and the Appleby Lron Company in 1874. In 
1888, the Frodingham Company started steelmaking 
and rolling, and in 1902 installed the first open-hearth 
tilting furnace in Europe. 

In 1912, the Frodingham Iron and Steel Company, 
as it had been since 1909, acquired the Appleby [ron 
Company, and a development plan was prepared 
which provided for the Appleby company installing 
two plate mills. Owing to adverse trade conditions, 
among other things, these plans did not mature until 
1927. In the meantime, in 1918, both the Frodingham 
and the Appleby companies had joined the newly 
formed combine, The United Steel Companies Ltd. In 
1934, the Frodingham and Appleby companies com- 
bined to form the Appleby-Frodingham Steel Co. Ltd. 
Finally in 1946, the Appleby-Frodingham Steel 
Company became a branch of The United Steel 
Companies Ltd. 


PRESENT PERFORMANCES 

Today, Appleby-Frodingham directly employs 11700 
people. Traditionally, it produces plates and sections, 
based upon the mass production of mainly ordinary 
quality steels in basic OH tilting furnaces from phos- 
phorie pig iron derived from home ores. 

Present capacity is 1-6 m. tons of pig iron and 
1-2 m. tons of ingots per year; additional production 
data is given in Table I. 

The plant occupies 1300 acres, is served by LLO 
miles of internal railways, 47 locomotives, and 12 


miles of roadways. It receives nearly 8 m. tons/year of 


raw and other materials, despatches about 14 m. tons 
vear of finished and other materials, and handles 
7 m. tons/year of internal traffic exchanges. It uses 
375 m. units of electricity and 6 m. tons of water per 
vear. 


PLANT DEVELOPMENT FROM 1954 TO 1960 


The developments are described under the broad 


classifications, coke ovens, ore preparation plant, 
blast-furnaces, melting shops, and finally rolling mills. 
The works plan (Fig.l) shows major developments 
completed since 1954. 


Coke ovens 

The original installation of 66 ovens was extended in 
1951-52 by the addition of nos.3 and 4 batteries, thus 
doubling plant capacity. The use of blast-furnace gas 
for underfiring was leading to the fouling of the re- 
generators on nos.1 and 2 batteries. To prolong their 
life as well as to avoid similar trouble occurring on the 
rest of the plant, a horizontal electrostatic precipitator 
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was built to clean the blast-furnace gas supply to the 
coke ovens. This was completed in 1958. 

In 1955, to secure additional coke of the right 
quality for the blast-furnaces, nos.5 and 6 batteries 
were ordered with the object of working a five-battery 
plant (i.e. five working and one rebuilding). The 
resulting 25°, increased capacity led to the posing and 
solution of some complicated problems on the chemical 
recovery plant. These batteries were completed in 
1959, but owing to trade conditions then existing, they 
were not lit until the end of November 1959. All six 
batteries are now working at a level of production 
equivalent to standard five-battery operation. 

A new pure-products plant has just been completed 
to replace an earlier plant built for the first two 
batteries. Work is nearing completion on the construc- 
tion of a plant to desulphurize 32 m. ft? of coke-oven 
gas per day. 


Ore-preparation plants 

In 1955, an increase in ironmake was authorized. 
Since commissioning in mid 1954, the Seraphim sinter 
plant had shown itself to have a greater potential 
capacity than that for which it was designed. The 
increased ironmake required was achieved by adding 
units to the Seraphim ore preparation plant, and by 
modifying the sinter cooling and return fines system 
on the Apex plant to bring it into line with proved 
features on the Seraphim plant. 

The work done on the Apex plant deserves mention. 
The natural draught sinter coolers had never worked 
satisfactorily and it had become necessary to spray the 
finished sinter with water to prevent burning the 
finished sinter conveyor belts. The quenching water 
caused intolerable working conditions and a_ high 
percentage of fines (24°%,<} in. on the Apex plant 
compared with 10°, on the Seraphim). 

Similarly, the Apex return fines system, judged by 
the improved standards then required, was inadequate 
to effect the proper degree of control over the raw mix 
and return fines additions. A new system was instal- 
led to extract the return fines to a separate plant 
where they could be cooled, screened into two sizes, and 
fed back into the raw feed systems at a controlled 
rate. This work was completed late in 1956. In 1959, 
an experimental granulating drum was introduced to 
feed one of the Seraphim sinter strands. 


Blast-furnaces 
In 1954, the four-furnace plant had an initial capacity 
of 23500 tons/week. Furnace trials, using Seraphim 
sinter, revealed that it had a potential of 29000 tons 
week given additional blast air. 

Thus when the additional ironmake was authorized 
in 1955, it was only necessary to carry out the work 
already described on the ore preparation plants, and 
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DEVELOPMENTS 1954-60 
General offices 
United Steel Structural Company 
Frodingham section mills 
Central engineering workshops 
Appleby melting shop 
Appleby plate mills 
lronnage oxygen plant 
Frodingham melting shop 
Coke-oven plant 
Coke-oven gas desulphurization plant 
Blast-furnaces 
Apex ore preparation plant 
Seraphim ore preparation plant 
FUTURE DEVELOPMENTS 1960-63 
O Billet and rod—bar mills 
P Ore bedding plant 
Q Sinter machines 
R Continuous casting 


1 Works plan 
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to add blowing and gas-cleaning capacity to the iron- 
works. 

The blowing plant added consisted of a L50000 
ft?/min, 35 Ib/in® ‘split wind’ centrifugal blower 
driven by a 20000 hp steam turbine supplied from a 
blast-furnace gas (alternatively oil) fired water tube 
boiler rated at 135000 Ib/h at 450 lb/in® gauge and 
760°F. This entailed alterations and additions to the 
condenser and gas-cleaning plant water supply and 
cooling arrangements. In the original Seraphim instal- 
lation water for cooling, arising from blast-furnaces, 
gas cleaning, and condensers, was handled in a large 
three-zone cooling tower. Experience had shown that 
yas-cleaning water was contaminating the other two 
owing to droplet exchange in the shaft of the tower. 
When the new blowing plant was added, more cooling 
capacity was required and this was provided by build- 
ing a new tower for gas-cleaning plant water, thus 
making the original gas-cleaning section of the large 
tower available for condensers. The additional blower 
allowed the reciprocating gas blowing engines supplied 
in 1939 for the first two furnaces to be scrapped. An 
additional wet electrostatic precipitator, making six in 
all, was added to the Seraphim gas-cleaning plant. 

The increased blowing rate coupled with near 100°, 
sinter burdens gave rise to failures on numerous parts 
of the blast-furnace plant, e.g. bells and hoppers, hot- 
blast stove valves and seats, and bleeder valves and 
seats. In March 1958 the large bell and hopper in one 
of the smaller furnaces failed and had to be changed. 
The operation was carried out in seven days with the 
furnace in the ‘damped down’ condition. In the 
following September, a similar operation was carried 
out on the second small furnace. Attention to design 
and materials have now substantially overcome the 
major problems of engineering maintenance on hard- 
driven blast-furnaces. 

Since that time, further improvements in tech- 
niques supported by further furnace trials, have 
allowed iron production to be raised to around 
31000 tons/week and have paved the way for the next 
major advance. 


Melting shops 

In 1948, following the construction of the new Frod- 
ingham melting shop, the production capacity of steel 
melting plant was about 800000 ingot tons/year. By 
1956, without significant additions to capital equip- 
ment, this had been raised to just over 1 m. ingot 


tons/year. This increase was due to the inception of 


continuous working on the melting shops, to improved 
operating techniques and improved materials, as well 
as to a gradual improvement in the quality and con- 
sistency of the iron supplied from the blast-furnace 
plant as the result of the developing sinter practice. 

In 1956, an additional 350-tons capacity OH furnace 
was built in the Frodingham shop to supply ingots to 
another branch of the combine. At the same time a 
number of additional service installations, such as an 
ingot stock gantry, a refractory grinding plant, a new 
basic slag plant, and steel foundry, were built. 

In 1956-57 attention was directed to ways and 
means of increasing output from the existing steel- 
making plant. This led to the establishment of the 
Ajax process and to the conversion of the first OH 
furnace (B furnace in the Frodingham shop) in Janu- 
ary 1958. Since then two further furnaces have been 
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converted (1 and N in the Appleby shop) and more 
are planned. This work has already been described by 
Jackson et al.* To supplement oxygen supply, a 100- 
tons day oxygen plant is being built. 


Plate mills 

Here a major programme of re-equipment is in its final 
stages, the object of which is to raise production and 
to improve the quality of the finished plate. In 1954. 
the total finished production was about 400000 tons 
year. Now, in 1960, it is about 500000 tons/year. The 
layout of these mills is shown in Fig.2 (the re-equip- 
ment scheme is shown shaded). 


Soaking pits 

Since 1954, two four-cell one-way fired recuperative 
soaking pits have been installed, one in place of an 
original two-way fired regenerative type. One electric 
soaking pit was added in 1957, and one controlled 
cooling pit in 1959. In preparation for the above, two 
new soaker cranes were installed in 1954-55 which 
required new crane girders and the raising of the roof 
over the building. 


7-ft shearline 

A new shearline was commissioned in 1957. It consists 
of arotary trimmer-—slitter shear with associated plate- 
handling devices and scrap disposal mechanisms, and 
two sets of cross-cut shears with length gauges, scrap 
shears, and piling tables. A new despatch bay was also 
built. 

The line is designed to have a throughput capacity 
of 4000 tons of finished plate per week of 127} h, 
based on an average plate of 59 in. wide = } in. thick 
34 ft long. 

The trimmer has two heads capable of admitting a 
plate up to 84 in. wide, one fixed and one sliding on a 
heavy cast-iron bedplate. The rotary blades are 31} in. 
dia. and are equipped with means of vertical and axial! 
adjustment. The trimmer is equipped with scrap 
choppers capable of dealing with 6-in. wide scrap up 
to 2 in. thickness, and 4-in. wide scrap up to ? in. 
thickness. The choppers discharge on to a scrap con 
veyor, and thence into scrap boxes. 

The slitter head, which is equipped with the same 
blades as the trimmer, is mounted on a separate bed 
plate and is capable of slitting te a minimum width of 
20 in. The two cross-cut shears were rebuilt from 
existing equipment and each is provided with scrap 
choppers and length gauges. 


Slabbing mill 

The new slabbing mill was completed in December 
1959. Because of defects in one of the main housings, 
the installation had to be carried out as two separate 
operations. It had been the intention to install the 
new mill in the annual two-week shutdown in July of 
1959, but in fact only the roller tables and manipu- 
lator equipment could be installed then, and the 
housings had to be installed later during a special six- 
day stoppage at Christmas 1959. 

The mill is a conventional two-high, high-lift 
slabbing mill having rolls of 114-in. barrel length and 
45 in. dia. The rolls are hydraulically balanced by an 
independent accumulator system and are supported in 





* A. Jackson et al.: JISI, 1958, 190, 1-29. 
* A. Jackson: tbid., 1959, 191, 337-342. 
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fabric bearings. The roll assembly is supported on a 
retractable sledge to facilitate quick roll changing. 

The screwdown gear, powered by two 150-300 hp 
motors designed for speeds up to 220 in./min, is 
equipped with automatic screw control initiated by 
photocells on each side of the mill. The breaker 
block on each screw is fitted with load cells, and the 
reading is transmitted to the control pulpit. Provision 
is made for cancelling the automatic screw control, 
and the operator can switch from automatic to hand 
control instantaneously. The mill is operated by one 
man. 


12-ft plate mill 

The original plate mill, built in 1926, consisted of a 
12-ft roughing and a 10-ft finishing mill, both two- 
high, built in line on a common drive. This system had 
worked well for 30 years, but could no longer meet the 
current demands for quality and output, and mainten- 
ance costs were rising. 

It was accordingly decided to install a new 12-ft 
four-high finishing mill downstream from the original, 
and a new 12-ft two-high roughing mill in tandem 
with it. To cater for the expected increased produc- 
tion, it was also decided to install a second plate- 
shearing and finishing train for light wide plates, to 
supplement the original which was only 10 ft wide and 
which could not conveniently be made wider. This 
work was carried out in three phases. 

The first phase was to replace the 10-ft finishing 
stand with a 12-ft wide, four-high unit driven by twin 
motors. The second was to supplement the existing 
shear line by a complete new rotary shearing and con- 
veying line for 12-ft wide plates; and the third was to 
replace the 12-ft roughing stand by a new twin-motor 
driven two-high stand. 

The four-high finishing stand was installed during 
the two-weeks’ annual shut-down in August 1958, the 
shearline during 1959, and the two-high roughing mill 
in July 1960. 

Two additional reheating furnaces 
(making five in all) having 1} times the heating capac- 
itv of the original were built as part of this develop- 
ment. 


bogie-type 


12-ft pole 


12-ft finishing stand 

On the finishing stand, the back-up rolls are nominally 
63 in. dia. dressing down to a miaimum of 59 in. dia. 
and have a barrel length of 150 in. The rolls are mount- 
ed in Morgoil bearings. The work rolls, nominally 
39 in. dia. dressing down to 37} in. dia., are 150 in. 
long on the barrel and are mounted in Timken four 
row roller bearings. The roll assembly is mounted on a 
sledge and is balanced hydraulically by a separate 
weight-loaded accumulator. The work rolls are driven 
by 35-ft long spindles directly coupled to two 4000-hp 
40-100 rev/min motors. 

The main table rollers, spaced at 48-in. centres, are 
of solid forged steel 18 in. dia. mounted in self aligning 
roller bearings, the bearings being housed in hardened 
steel The rollers driven by lineshafts 
having ‘Bratt’-mounted machine-cut The 
whole lineshaft is adjustable by means of a worm- 
wheel assembly which also acts as the thrust assembly. 

Each side of the mill is equipped with heavy side 
guard manipulators having a minimum opening of 
3 ft and a maximum of 13 ft. The manipulators are 
electrically interlocked so that the delivery side open- 
ing is always 7 in. wider than the entry side. On the 
return pass the position is reversed. 


sleeves. are 


hevels 


A television camera is set up on the outgoing side of 
the mill and relayed to the roller and the driver. The 
roll load is measured and indicated to the roller by 
load cells. The mill is controlled by one man 

The mill is serviced by a 120-ton crane. Work roll 
changing is carried out by a porter bar, this operation 
being carried out during the }-h meal break. The back 
up roll change takes about 12 h and is carried out at 
weekends. 


12-ft side trimming and slitting line 
The line is designed to accept full width and length 
plates from the finishing mill in thicknesses between 
2, and ? in. Plates above this thickness are routed 
through the heavy shearline which is only 10 ft wide. 
The }—?-in. thick plates leaving the finishing stand 
are conveyed by an overhead pusher across a transfer 
bank to the ingoing table of a hot leveller. This has 
nine levelling rolls supported by back-up rolls and is 
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capable of levelling 146-in. wide plates of between 
fs and 1 in. thickness. 

Plates leaving the leveller are transferred on to a 
cooling conveyor bank, the conveying being performed 
by fingers housed in moving heads. The heads are 
actuated by a shaft linkage system, all plates on the 
bank being moved progressively forward. 

The plates, at the end of the cooling bank traverse, 
arrive at a turnover gear for inspection. They then 
proceed to the first set of electrically driven cross-cut 
shears. These are equipped with magnetic handling 
devices and can cut a cold plate of 43 tons/in? tensile 
strength up to a maximum thickness of ? in. The shear 
works on the rocking blade principle, the drive being 
through reduction gearing to eccentric cams which 
operate connecting push rods on to the top apron of the 
shear. The plate stampers are operated by a separate 
oil-hydraulic system. Scrap is dealt with by a roller 
conveyor on the outgoing side of the shear which 
discharges down a chute to a simple aligator scrap 
shear. The suitably cut scrap is then discharged into 
one of two pans, the deflecting arm being operated by 
compressed air. 

The plate then moves to the rotary shear. This is a 
slitter- trimmer combination, the slitter being capable 
of retraction from the line when not required. The 
trimmer shear is equipped with 314-in. dia. blades and 


can cut plates from 314 in. wide up to a maximum of 


138 in. wide. The entry side is equipped with magnetic 
handling and clamping devices, and with an indicator 
for lining-up the plate. Side scrap is dealt with by 
rotary choppers which discharge on to a conveyor and 
thence into scrap pans. 

Having had its leading and side edges cut, the plate 
then passes to a second set of cross-cut shears which is 
a duplicate of the first but has additional equipment 
in the form of a squaring mechanism and a length 
gauge. The back-end scrap is dealt with as at the pre- 
ceding cross-cuts. The plate, cut for length or multiple 
lengths, then passes on to conventional piling tables. 


12-ft roughing mill 

The mill is designed to roll 25000-lb slabs having a 
maximum dimension of 104 in. x 52 in. x 17 in. thick. 
There is a high-pressure descaling station on the 
approach table, operation of which is initiated by 
photocells. 

The table rollers are mounted in roller bearings, the 
slab receiving and approach tables being driven by 
independent ac motors and the main tables by inde- 
pendent de motors. 

The rolls, which are driven by two 3000-hp motors 
at 40-80 rev/min, have a 180-in. barrel and a maxi- 
mum diameter of 46 in. The 314-in. dia. roll necks are 
supported by fabric bearings. The whole roll assembly 
is mounted on a sledge coupled to a duplex roll-change 
rig. This enables a spare roll set to be built up ready to 
run into the mill, which is especially valuable during a 
mid-week roll change when time saved is a direct 
increase in mill availability. 

The mill is equipped with sideguard manipulators on 
the in- and outgoing sides. Load cells are provided on 
each screw and the 1500-ton load meters are dupli- 
cates of those provided on the 45-in. slab mill. 
Boiler-plate normalizing facilities 
These were added in 1956-57 and comprise two batch- 
tvpe heat-treatment furnaces, a cold leveller for 2-in. 
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thick plates, and a cross-cut shear for 14-in. thick 
plates. 


Frodingham section mills 

The conversion and reconstruction of the Frodingham 
mills was completed in 1949. In 1953 a new stripper 
shed was built to replace the original; and in 1955 a 
new roll-turning shop and office was built. In 1956 a 
new soaker was added. In 1954 production amounted 
to some 350000 tons/year and is now about 400000 
tons/year. The mill layout is shown in Fig.3. 

Perhaps the most significant addition in recent years 
at Appleby-Frodingham is the installation of the uni- 
versal beam mill now proceeding. While not increasing 
capacity, it will add the universal range of sections to 
the long-established B.S. range. 

The beam mill consists of a universal roughing 
group and a single-pass universal finishing stand. The 
roughing group, a universal and an edging stand, will 
be supplied with formed blooms from the 32-in. section 
mill via a skid transfer bank (see Fig.3). 

The universal stands will have horizontal rolls of a 
nominal diameter of 52 in. mounted in roller bearings, 
the vertical rolls being nominally 38 in. dia. The 
universal roughing mill will be driven by a 5500-hp 
0-60—150 rev/min motor through a pinion drive. The 
edging rolls will have a nominal diameter of 36 in. and 
will be driven through pinions by a 1500-hp 0-110 
275 rev/min motor. The universal finishing stand will 
have a 2500-hp motor. 

After the requisite number of passes in the roughing 
group, the bars will pass down conveying roller tables 
into the single-pass finishing stand which will be a 
duplicate of the universal roughing mill. The three 
mill stands, i.e. universal rougher, edger, and uni- 
versal finisher, are all equipped with pre-set screw- 
down control, and particular attention has been paid 
to the speed-matching controls on the driving motors. 

Sections leaving the single-pass universal finishing 
stand will be conveyed by independently driven ac- 
motored rollers to a transfer bank. This will bring the 
products of the mill into the runout table of the exist- 
ing section-mill finishing stand. The bars then pass to 
the hot saws, cooling banks, roller straighteners (for 
lighter sections), and thence to loading banks. The 
heavier sections will be straightened and processed on 
a separate cold bank and gag press installation. 

One of the interesting engineering features of the 
new beam mill will be the methods employed for the 
disposal of scale. The system will consist of two 
collecting basins, one at the roughing group and one at 
the finishing stand. Scale which will gravitate to the 
bottom of the conical collecting basin will be pumped 
away to a series of hydro-cyclones graded by size and 
design to take out the varying sizes of scale. Scale 
which is too fine to be taken out by the hydro-cyclones 
will be taken out by conventional sand filters. 


Other developments since 1954 

Locomotives and cranes 

The original steam locomotive and crane fleet is being 
replaced by diesels. So far 18 out of 47 locomotives 
have been replaced and ten out of 30 cranes, 


Waste-heat boilers 
It is planned to equip all steel furnaces with waste- 
heat boilers, and so far six have been equipped. When 
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the scheme is complete, it is envisaged that all satellite 
fuel-fired steam-raising plant other than the coke-oven 
boilers will be closed down. These will be retained to 
serve the coke ovens and to act as a balancing unit for 
the whole works. 
Air pollution 
The situation and work done at Appleby-Frodingham 
has already described elsewhere* and _ it 
is possible only to touch on the subject here. Smoke 
emission from boilers is now negligible; emission from 
locomotives is still the largest source but is being 
reduced by the changeover to diesels. Dust emissions 
have arisen in the past mainly from the ore prepara- 
tion plants, but now melting shops are a potential 
source. The arrangements on the former are being 
continuously extended and on the latter have now got 
beyond the experimental stage. One bag-filter plant 
and two dry electrostatic plants are in service on Ajax 
furnaces. Gaseous pollution is being reduced as waste- 
heat boilers replace fuel-tired boilers, and will be still 
further reduced when the coke-oven gas desulphuriza- 
tion plant comes into service shortly. 

This must be regarded merely as a summary of the 
subject and for more details reference should be made 
to published works cited. 


been 


Office and amenity buildings 

Since 1954 an extension to the general offices has been 
built. Similarly, offices have been provided for the 
engineering, production services, education (including 
training workshops and lecture-room facilities), test 
house, coke ovens, and section mills departments. 
New welfare buildings have been built for some 2000 
people, including a new medical centre. The central 
laboratory has been doubled in size. 





7. 





Universal beam roughing mill 





*S. H. Brooks and W. J. Catverr: ISI Spec. Rep. no. 61, 
1958, 5-15. 


D Universal beam finishing mill Electrical equipment 


Gag press 


FUTURE DEVELOPMENTS 

In the spring of this year (1960), a development plan 
was approved by the Lron and Steel Board embracing 
iron- and steelmaking and rolling plant. In broad out- 
line, this plan provides for both iron- and steelmaking 
capacities to be raised to about 2 m. tons/year, the 
construction of a continuous casting plant for blooms, 
and for a billet and rod—bar mill. Brief particulars are 
as follows: 


lronmaking 
Further production-scale furnace trials have revealed 
that if the furnaces can be charged with a graded 
sinter, then the existing blast-furnace plant has a 
capacity of approaching 40000 tons/week if provided 
with additional stove and gas-cleaning plant capacity. 
The ironmaking plan therefore includes 
4 additional sinter machines with 168-ft long ~ 8-ft 
wide strands complete with 67-ft mean dia. sinter 
coolers, return fines conditioning system and im 
proved sinter screening on all plants 
3 additional ore driers 
A fine ore bedding plant 
4 additional blast-furnace stoves 
Extensions to gas-cleaning plants 
1 additional 135000-lb/h blast-furnace 
boiler 


gas-fired 


All necessary auxiliary plant and services. 

When complete the combined sinter plant capacity 
will approach 150000 tons/week of which rather more 
than 110000 tons/week will be available to the blast- 
furnaces, and 40000 tons/week will be 
returns for re-sintering. 


undersized 


Steelmaking 

It is planned to convert eight OH furnaces to operate 
the Ajax process and one OH furnace to an active 
mixer. Three furnaces have already been converted 
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and when the conversion programme is complete, mill followed by a continuous billet mill for the redue 
steelmaking capacity will approach 40000 ingot tion of cast or rolled blooms to appropriate billets for 
tons/week. Each Ajax furnace will be equipped with a the rod—-bar mill. The rod—bar mill will have fou 
waste-heat boiler and a fume-cleaning plant. strands, laying and pouring reels, and provision for a 
Continuous casting straight cooling bed to be added later. 

It is planned to install a continuous casting plant 

having a capacity of 5000 tons/week of 9-in. square 

blooms. This will be a four-strand machine with a ACKNOWLEDGMENTS 

maximum casting speed of 60 in./min. The maximum py, 


; authors wish to express their thanks to the 
cut lengths will be 24 ft 6 in. 


directors of Appleby-Frodingham Steel Company for 
illet and rod—bar mill permission to publish this paper, and to colleagues for 
The billet mill will consist of a reversing breakdown their assistance in its preparation. 


The Iron and Steel Institute 


POWDER METALLURGY JOINT GROUP The Institute of Metals 


SUBMISSION OF PAPERS 


Discussions at meetings of the Powder Metallurgy Joint Group so far have been 
restricted to papers invited in connection with symposia or informal discussions on 
specified themes. However, the Committee hopes that future discussions will be 
held on papers or groups of papers submitted for publication in the Group journal! 
Powder Metallurgy without invitation. 

It is thought that members of the Group and readers of Powder Metallurgy may 
have received the impression that only ‘invited’ papers are desired and published, 
but in fact the Committee is interested to receive for consideration first-class papers 
within the scope of the journal, from authors from all parts of the world, so that 
Powder Metallurgy will become a truly international journal. 

All papers submitted must pass through the usual refereeing procedures, and 
although no guarantee can be given that all papers accepted will be discussed, as 
far as possible papers that might give rise to useful discussion will be included in 
meeting programmes. Also, the Committee welcomes suggestions for themes of 
topical interest for discussions at future meetings of the Group. 

A leaflet ‘Papers for publication in Powder Metallurgy’ is available from the 
Editor, ‘Powder Metallurgy’, 17 Belgrave Square London SW1. 


S TA L in English 


No.7 of the 1960 series of Stal in English has been published and subsequent issues 
will appear at about three-weekly intervals. Full details of subscriptions to Stal in 


English are available from the Secretary of The Iron and Steel Institute. 
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AFFILIATED LOCAL 
SOCIETIES 


Swansea and District Metallurgical 
Society 
Officers 1960-61 


President: M. J. A. Thomas, B.8c. 

Vice- Presidents: P. Mackay and E. McVicar, 
F.I.M. 

Hon. Secretaries: P. E. 
R. L. Williams 

Hon. Treasurer: L. A. 8. Gennett, F.1.M. 
Members of Council: Dr C. 8. Ball, B.MET., 
H. A. Cooke, C. H. Cunliffe, m.p.e., D. J. 
Unwin, B.sc., J. D. Richards, B.sc., 
Guellard, J. H. Lamb, B.sc., 8S. M. 

R. H. Humphreys, Prof. A. R. L. Singer. 


BRITISH IRON AND STEEL 
RESEARCH ASSOCIATION 


BISRA report summary 155 


Summary 155, the latest to be issued, deals 
with the influence of carbon and nitrogen on 
the magnetic properties of silicon iron, and is 
available from the Information Section, 11 
Park Lane, London W1. 


AMERICAN IRON AND STEEL 
INSTITUTE 


Appointments 


Mr George 8. Rose, Secretary of the American 
Iron and Steel Institute, is now also a Vice- 
President of the Institute. Mr Charles M. 
Parker has been appointed Vice-President 
Research and Technology. 


INSTITUTION OF MINING 
AND METALLURGY 


President-Elect 


Mr A. R. O. Williams, 0.B.E., A.R.S.M., B.SC., @ 
managing director of Consolidated Gold Fields 
of South Africa Ltd, and of New Consolidated 
Gold Fields, Ltd, has been nominated Presi- 
dent of the Institution of Mining and Metal- 
lurgy for 1961-2. 


THE INDIAN INSTITUTE OF 
METALS 


14th annual technical meeting 


The fourteenth annual technical meeting of the 
Indian Institute of Metals will be held at 
Bhilai from 1 to 4 December 1960. The pro- 
gramme will include a symposium on the ‘Use 
of oxygen in the manufacture of iron and 
steel’. The 7th Metallographic Contest and 
Exhibition will also be held during the session. 
In addition to the technical meeting, plant 
visits and social functions will be included in 


Morgan, L.1.M., and 


the programme. Bhilai is the location of one of 


the three new l-m. ton integrated steelplants 
which have recently come into production in 
India 

Members of The Iron and Steel Institute 
who may be visiting India at the time are 
invited to participate in the meeting. Further 
particulars and detailed programme will be 
sent on application to R. D. Lalkaka, Honorary 
Secretary, The Indian Institute of Metals, 
31 Chowringhee Road, Calcutta 16, India. 


THE INSTITUTE OF PHYSICS 
AND THE PHYSICAL SOCIETY 
Symposium on electrical contacts 


Che Institute of 
Society 


Physics and The Physical 
that it is arranging a 
symposium on ‘Electrical contacts’ in collabo 
with The Institution of Electrical 
Engineers, which will take place in the Brunel 
College of Technology, London, on 5-7 April 
1961. The symposium is intended to cover 
recent advances in the study of the phenomena 
oceurring at mating surfaces carrying currents 


announces 


ration 


used in light electrical engineering. It will 
include electrical erosion and material transfer, 
mechanical wear, and the influence of surface 
films and contamination, and will deal with 
make-and-break contacts, sliding contacts, 
semi-permanent contacts, and connexions 
between metallic and non-metallic materials. 
The symposium is intended mainly for those 
concerned with the design and improvement of 
contacts. A small informal exhibition will be 
open during the symposium to those attending 
the meetings. Abstracts (but not preprints) 
will be circulated before the symposium, the 
proceedings of which will not be published in 
full. 

All communications regarding the sympo 
sium should be sent to the Secretary, The 
Institute of Physics and The Physical Society, 
47 Belgrave Square, London SW1. 


BRITISH WELDING RESEARCH 
ASSOCIATION 


Annual report 1959-60 


The report of council of the BW RA for 1959-60 
surveys 12 months of varied activity. Welding 
in recent years has involved the use of new 
materials and methods which have required 
extensive research, in addition to the develop- 
ment and improvement of existing techniques, 
and this report gives a clear idea of the scope 
of the Association’s work. Research is con- 
sidered under the headings of fatigue investiga 
tions, brittle fracture of steel, pressure vessels 
and pipelines, resistance welding, fundament 
als of arc welding, ferrous and non-ferrous 
metallurgy, and new methods of analysis. 
Research sponsored by the Association at the 
universities of Cambridge and Birmingham is 
also reported. 

The report outlines how the results of this 
research are disseminated, and the extent of 
the Association’s co-operation with other 
organizations. Finely printed in two colours, 
the report is available from the Association at 
19 Fitzroy Square, London W1. 


New appointment 


Mr E. H. 8. van Someren has recently joined 
the BWRA as a principal scientific officer. He 
will work on fundamental studies on the 
physics of the welding are by optical observa- 
tions. 


CONTRIBUTORS TO THE 
JOURNAL 


M. A. Glinkov— Head of Department of 
Metallurgical Furnaces, Moscow Steel Institute 
(Contributor to the September Journal). 
Professor Glinkov was born in 1906 and gradu- 
ated from the Urals Polytechnical Institute in 
1927. He gained his degree of doctor of tech- 
nical sciences in 1941. Since 1945 he has been 
professor of metallurgical furnaces at the 
Moscow Steel Institute. Professor Glinkov has 
published technical articles and 
several books on the general theory of furnaces 
and the thermal operation of OH and re- 
heating furnaces. Next month he will be visit 
ing the UK to participate in the Autumn 
General Meeting of The Iron and Steel Insti 
tute 


numerous 


F. E. Stacey, Engineer in 
charge of works mechanical maintenance, 
John Lysaght’s Scunthorpe Works Ltd. 

Francis Ernest Stacey studied mechanical 
engineering at Denbighshire Technical College 
and the Liverpool College of Technology, and 
management at the Liverpool College of 
Commerce. He worked in the general engin- 
eering and aircraft industries before joining 
John Summers and Sons Ltd in 1946 as a 
draughtsman. Later he became junior main 


4.M.I.MECH.,} 


tenance engineer engaged on rolling mills, then 
assistant engineer at the central engineering 
workshops. He was awarded a Graduateship 
of the Institute of Mechanical Engineers in 
1951 and an Associate Membership in 1956. 
Mr Stacey joined John Lysaght’s Scunthorpe 
Works in 1958 as mechanical engineer, and 
was later appointed to his present post 
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F. E. Stacey P.M. Hesketh 


P. M. Hesketh, M.ENG., A.M.I.C.E., A.M.LI. 
sTrucT.E. - Chief engineer, Redbourn Section, 
Richard Thomas and Baldwins Ltd. 

P. M. Hesketh was educated at 
Collegiate School and Liverpool 
where he obtained his B.ENG.(HONS 


Liverpool 
University 
)} degree in 
civil engineering. He joined the Service and 
Advisory Section of Richard Thomas and 
Baldwins Ltd at Bridgend in 1948, and in 1950 
he transferred to the Redbourn Section as 
assistant chief engineer. Mr Hesketh took up 
his present post in 1958. 


D. R. M. Nisbet, a.n.c.s.7., A.M.1.8£.8. — Chief 
electrical engineer, Appleby-Frodingham Steel 
Company, Scunthorpe. 

D. R. M. Nisbet was educated at New Cum 
nock Higher Grade School, and later at the 
Royal College of Science and Technology, 
Glasgow, where he was awarded the a.R.c.s.T 
in 1938. He then spent some time in the mining 
industry in Scotland before entering the RAF 
in 1942. Mr Nisbet joined Appleby-Froding- 
ham as plant electrical engineer in 1947 and 
was appointed chief electrical engineer in 1959. 


D. R. M. Nisbet 


E. A. Atkin 


E. A. Atkin - Assistant chief 

Appleby-Frodingham Steel Company 
Eric A. Atkin was born in 1920 and joined 
Appleby-Frodingham as an engineering ap 
prentice. After gaining drawing office experi 
ence, he held various appointments on the 
maintenance engineering staff until 1947, when 


engineer, 


he was enyaged on the company’s expansion 
programme. He returned to maintenance work 
in 1950, In 1955 Mr Atkin served for a year 
with the general works manager and he was 
then appointed deputy ironworks engineer In 
1959 he was appointed steelworks engineer and 


later assistant chief engineer. 


E. A. Jenkinson, .sc., A.1.M. 
mental ofticer, Metallurgy Division, 
Physical Laboratory 

Eugen Alexander 
ton Grammar School and later Sir John Cass 
College, 


Senior experi 


National 
Jenkinson attended Ham} 


London, where he gained his degrees ot 
and M.sc.(ENG.) in metallurgy, from 
the University of London. He joined the 
National Physical Laboratory in 1926, and is 

ri { on metallurgical research 


B.S ENG 


at present engage 
on the behaviour of metals and alloys under 
deformation at high temperatures, 


L. M. T. Hopkin, B.sc., PH.D., A-R.S.M., Aut 
Principal scientific officer, Metallurgy Div 
National Physical Laborator 

Dr Hopkin received his me tallurgical education 
at the Roval School of Mines, Imperial College, 
London. from which he graduated in 1945. He 
then joined the British Non-Ferrous Metals 
Assoc studied the 


Ision, 


Research ition where he 





A 
L. M. T. Hopkin 


E. A. Jenkinson 


creep and fatigue properties of lead alloys, for 
which he was awarded his pH.p. degree by 
London University. Since 1952 Dr Hopkin has 
been with the NPL where he has investigated 
elastic constants and intergranular fracture of 
copper alloys. He is at present concerned with 
the creep properties of materials at high 
temperatures 


EDUCATION 


Corrosion Group Education Panel 


The Education Panel of the Corrosion Group 
of the Society of Chemical Industry has pre 

pared a revised summary of courses inc luding 
corrosion topics available in universities and 
technical colleges in the UK in the current 
session. The summary covers both under 

graduate and postgraduate courses, and details 
facilities for research and the main subjects 
being studied. The summary is available free 
from the honorary secretary of the Panel, 
W. D. Parker, B.sc., Chemical 
Industry, 14 Belgrave Square, London SW1. 


Society of 


Design for welding 


An evening course entitled ‘Design for welding 
in general engineering’ has been arranged by 
the School of Welding Technology of the 
Institute of Welding at 54 Princes Gate, 
London SW7. The course, intended for design 
ers and draughtsmen, consists of nine lectures, 
the first of which, ‘Are welding processes and 
their relation to design’ was given on 18 
October. The lectures are held at the Institute 
at 6.0 pm on Tuesday evenings, and further 
details are available from the Secretary of the 
Institute of Welding. 


United Steel university scholarships 


The United Steel Companies Ltd have an 
nounced that they are to offer up to ten uni 
versity scholarships each year, tenable at any 
university in the UK. Each scholarship will be 
worth £500 pa and its value will not be affected 
by parental income, The scholarships will be 
offered to boys proceeding to @ university to 
take full-time courses leading to approved 
degrees in appropriate branches of science or 
engineering. The company is also prepared to 
consider a limited number of applications from 
students of non-science subjects, recognizing 
that there is a place in industrial management 
for the good arts graduate. 

It is intended that the scholarships should 
provide industrial as well as academic training, 
and arrangements will be made for successful 
candidates to industrial experience 
with the company before going up to the um 
versity and also to undertake vacation work in 
industry. In addition to the scholarship award, 
students will be paid a subsistence allowance 
during these periods of industrial training. 
Applications for the scholarships will be con- 
sidered from students in their final school year 
who have achieved the necessary academic stan 
dard and have also been offered a place at a uni 
versity. In addition to academic qualifications, 
the selectors will be looking for character, 
initiative, and independenc e of mind 

On completion of their degree 
scholars will have the opportunity of joining 
the company’s graduate training scheme, which 
already has the approval of the appropriate 
professional institutions. During this period, 
they will be paid salaries at the current rates 
for graduate apprentices. 


receive 


courses, 


Booklets and application forms are now 
available on request to the company and 
enquiries should be addressed to University 
Scholarships, The United Steel Companies 
Ltd, The Mount, Broomhill, Sheffield 10. 


Union Carbide studentships and 
fellowships 


To encourage and advance research in the field 
of chemistry, the Chemicals Division of Union 
Carbide Ltd, which has a major petrochemicals 
plant located at Hythe, Hampshire, is making 
a grant of £2150 pa for three years to South- 
ampton University and will later consider an 
extension of this grant. The grant will provide 
for a research studentship and a research 
fellowship in synthetic organic chemicals in the 
university’s Department of Chemistry. The 
studentship will assist promising students 
chosen by the university to work for a master’s 
or a doctor’s degree and the fellowship should 
stimulate a research atmosphere 

rhe Alloys Division of the company is giving 
similar support to other universities, notably, 
fellowships of £450 pa to Sheffield University 
and £450 pa to the Royal College of Science 
and Technology, Glasgow. 


Advances in non-destructive testing 


Following the success of the course on ‘The 
techniques of non-destructive testing’ held 
last year, a further course of 10 lectures en- 
titled ‘Advances in non-destructive testing’ is 
being held in the Physics Department of the 
Brunel College of Technology, Woodlands 
Avenue, Acton, London W3. The _ lectures, 
given by well known specialists in the subject, 
are held on Wednesday evenings from 7 to 
8.30 pm, and they began on 28 September 
1960. They deal with latest developments in 
the subject and should appeal not only to 
graduates and holders of the HNC in engineer 
ing and science but also to inspectors and 
others who have an interest in non-destructive 
testing. 

The fee for the course is £1 and further 
details may be obtained from the Head of the 
Physics Department 


FORTHCOMING CONFERENCES 
AND EXHIBITIONS 


Conference on irreversibility and 
statistical mechanics 


The Institute of Physics and The Physical 
Society announces that it is arranging a con 
ference on statistical mechanics (with special 
reference to irreversibility). It will be held at 
Queen Mary College, London, on Monday and 
Tuesday, 19 and 20 December 1960. A full pro 
gramme has already been arranged. 
include the general theory of irreversibility, 
random processes, liquids (theory and experi- 
ment), irreversibility in and in 
plasma 

Further information and preliminary pro 
grammes can be obtained from the secretary, 
The Institute of Physics and The Physical 
Society, 47 Belgrave Square, London SW1. 


lopics 


and 


ases 


Spanish industrial safety and hygiene 
campaign 


The Centre for Studies and 
Information in organizing @ 
campaign next month to publicize industrial 
safety and hygiene both in Spain and abroad. 
There will be nation-wide exhibitions of safety 
posters and general safety publications, and 
put licity will be given to accident and safety 
statistics. It is also intended to hold confer 
ences and discussions on topics associated with 


Metallurgical 
Barcelona is 


the campaign. 

Further details are available from the 
Secretary-General, CEAM, Avenida Generalis 
imo Franco 394, Barcelona 9, Spain 


Sir Alexander Fieck to open exhibition 


Sir Alexander Fleck, K.B.E., D.SC., LL.D., 
F.R.S., President of the Society of Chemical 
Industry, will open the and Metal 
Finishing Exhibition to be held in the Empire 


Corrosior 
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Hall, Olympia, London, from 20 November to 
2 December. 

The opening ceremony will take place at 
11 am on Tuesday, 29 November. The exhibi 
tion is believed to be the world’s largest display 
of metal finishing products and services. One 
of the new features of this year’s exhibition 
will be technical meetings arranged by the 
Plastics Institute and by the Corrosion Group 
of the Society of Chemical Industry. There will 
also be technical films dealing with various 
aspects of corrosion and metal finishing. 


NEWS OF SCIENCE AND 
INDUSTRY 


Colvilles appointments 


The board of Colvilles Ltd has 
Mr T. R. Craig, 0.B.£., 
(sales) and Mr R. P 
director (works). Sir 


D.SC., LL.D., 


appointed 
as managing director 
lowndrow as managing 
Andrew McCance, bD.1 
F.R.S., will continue as general 
managing director 


G. A. Smith retires 


Mr G. A. Smith, managing director of John 
Smith (Keighley) Ltd (a subsidiary of Thos. 
W. Ward Ltd, Sheffield), medical 
advice, resigned his appointment. Mr Smith is 
retaining his seat on the board as a director in 
a consultative capacity 

His successor is Mr Frederick Johnson, a 
director of the associated company of Thomas 
Smith and Sons (Rodley) Ltd, who has taken 
over from Mr Smith as a director and general 
manager. 


has, on 


New plant and equipment 
B. O. Morris Ltd of Coventry, 
for the Dutch 
distributing a new air vice capable of gripping 
with a force of over 4 ton. Vice jaws are 4} in 
wide and the maximum gap is 5 in. A feature 
of the vice is that the jaws cannot close on the 
operator's fingers, since the actual pneumatic 
movement is only in. 

A new company to furnish strip and tin mill 
equipment of the American Wean design has 
formed in the UK under the title of 
Wean—-Miles Ltd. The company will assume the 
manufacture and sale in the UK of many items 
of equipment designed and sold by The Wean 
Engineering Company in the USA and through. 
out the world. Wean—Miles Ltd will maintain 
the American company’s designs while adapt 
ing the drawings to British standards. In the 
case of spare parts intended to replace 
American parts, the Wean designs will be 
strictly adhered to, so as to ensure 
interchangeability 

The head oftice of Wean-Miles Ltd is at 76 
Cannon Street, London EC4. 


sole UK agents 


Grasso’ pneumatic tools, are 


been 


absolute 


Italian furnaces for UK 


Agreement Well 
man Smith Owen (Furnaces) Ltd and Leone 
Tagliaferri AG, Milan whereby Wellmans are 
able to offer exclusively in the UK, 
electric arc melting furnaces and ferro-allo: 
furnaces of the Tagliaferri design. 


has been reached between 


now 


Contract news 
The Head Wrightson Machine 


have been awarded a contract 
£800 000 for a complete seamless tube mill by 


Company Lid 


worth about 


lubes Ltd, Desford, near Leicester, a member 
of the Tube Investments Group. Head Wright- 
son have also contracted to supply three cool 


works of 


f 


ing towers for the new 
Richard Thomas and Baldwins Ltd at a cost 
£1 SO0000 


Spencer 


Pease and Co. Ltd, a 
member of the Davy-Ashmore group, are pro 
ceeding with the manufacture, and 
erection of a third blast-furnace plant at the 
favenscraig works of Colvilles Ltd. The con 
tract is valued at more than £1 m. 

W oodall- Duckham 
Ltd have received orders to build two new 
coking plants together valued at over £4 m. 
One is for Colvilles Ltd Ravenscraig works, 
and the other is for the United Coke and 
Ltd at Orgreave 


1 shmore Benson, 


design, 


Construction Company 


Chemicals Co. 
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New booklet on ISB 

The Iron and Steel Board: what it is and what 
it does’ is the title of a booklet which describes 
in some detail the composition and work of the 
Board. Previously this 
been published in such a comprehensive form, 
although facets of it have 
the Board s annual reports and special reports 
on development. The booklet has been pre 
pared to assist steel users, steel producers, and 
others 
dustry 


information has not 


been mentioned in 


steel in 
work of the Board. 
offices of the 
James's Square 


generally interested in the 
to understand the 

Copies are available from the 
Board at Norfolk House, St 
London SW 1 


CHANGES OF ADDRESS 
lhe London office of Union Carbide Ltd is now 
at 8 Grafton Street, London Wl (MAY SLOO) 
Phe Scottish 
Vartonair Ltd is now at 
Glasgow SI (Pollok 3929). 
Flexible Drives (Gilmans 
Skatoskalo Works, Millers 
(Warwick 448-9) 


INDUSTRIAL PUBLICATIONS 
RECEIVED 

W. H. A. Robertson and Co. Ltd of Bedford 
have their rolling mill 
equipment and wire-drawing machines, printed 


ottice and stockroom of 


128 Nithsdale Road, 


Ltd have moved to 
Road, Warwick 


issued catalogues of 

in the main European languages. 

Heat treatment 

the Electric Resistance 

Nickel All 

on the . of 
furnaces, tl 


let from 


Ltd. 


48 nO.57 ineludes articles 


furnaces is a new leat 


Furnace Co 


Incoloy DS in gas-carburizing 
metallurgy of spark plug alloys, 
and solenoid valves 

Leaflet RKRD95 from the Morgan 
Ltd deals with *‘Purox’ 


Crucible 


Company oxide retrac 
tories 


Demag News 


changeove 


no.158 has articles on the rapid 
r of continuous lght- and medium 
12.5 ton grab-equipped 
floating cranes with automatic weighing « quip 


ection mills, and 
ment 
st 1960 issue of t 3 tin fron 
| 1 Community Is a special number 
ntitled “The common market a year of con 
solidation’ 

Velting ern hy Monometer is a new 
Monometer Man 
Co. Ltd describing th 
rotary tilting 


DIARY 
17-21 Oct. i FRANCAISI DI METAI 


leatlet from the ifacturinyg 
company 8 rotary and 


furnaces 


s Me tallur LICUeS 
Maison de la Chimie 


St Dominique 


METAL EXHIBITION ANI 
Philadelphia, USA 
EREIN DEUTSCHER INGENIEURI 
International 
cogwheels 
Aache 
NATIONAL SAFETY CONGRESS 
Central Hall, Westminster, Lon 
don SW1 


conterence on 
and gearwheel drives 


, Germany 


ERIN INDUSTRIES ASSO 
3th Engineering Dis 
Horticultural Sos 


ety, New Hall, London SW1 


NATIONAI 


,oval 
INDUSTRIAI SAFETY, 
Al AND WELFARE 
on-—- Granby Hall, Le 


FIRST EFFI ENT 


EXHIB! 


CREATMENT 
VENTION Seyr 
mour Street, London 
L\TIONAT 
NST ‘TA 
PrOMATION Dussel 
dort, Germany 


21 Oct. BRITISH IRON AN 


) STEEL RI 
28th Blast 


SEARCH ASSOCIATION 

furnace Conference Searbor 
ough 

24-27 Oct. IRON AND 
GrRovP— 4st Meeting —Seun 
thorpe, Lines. (see ‘News’, p.227 


SOCIETY OF 


STEEFI ENGINEERS 


25 Oct. 


INSTRUMENT rECH 


NOLOGY Lecture, Instrumenta 
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tion past, present, and future by 
L. S. Yoxall Manson House, 
Portland Place, London WI. 
BRITISH NUCLEAR 
FERENCE — Lecture, 
vations on the design and construc 
tion of the N.S. Savannah, by 
J. A. Dodd and 8S. MacDonald 
Institute of Marine Engineers, 76 
Mark Lane, London EC3. 
MANCHESTER METALLURGICAL SO 
CIETY Meeting and lecture by 
Prof. ¢ R. Tottle (The Uni 
versity, Manchester) Manches 
ter Literary Philosophical 
Society, Street, Man 


ENERGY CON 


Some obser 


26 Oct. 


and 
George 
chester. 
INSTITUTE OF 
LING 


28-30 Oct. MATERIALS 

Peebles 
VALE METALLURGICAL SO 
CLETY-ISl ENGINEERS GROUP 

Joint meeting and lecture, Auto 
mation wun the steel industry by 
P. J. Sutherby, m.a. RTB Old 
Lecture Ebbw Vale, 


HAND 
Conference 


1 Nov. 


E BBW 


Room, 
7.15 pm. 

1 3 Nov. INSTITUTE OF WELDING 
I ting 54 
don SW7. 


INSTITUTE OF 


\utumn 
Princes Gate, Lon 
2 Nov. PETROLEUM— Let 
Ipplied petroleum research 
ona vehicle dynometer, by J. Tub 
man and J. F. Menger 61 New 
Cavendish Street, Wi, 
5.350 pm 


ture, 


London 


46 Nov. INSTITUTION OF METALLURGISTS 


Conference—-Grand Hotel, East 
bourne, 
7-9 Nov. BRITISH [RON AND STEEL FEDERA 
12th Annual Training Con 
ference The Old Hotel, 
Harrogate, 


rLON 
Swan 
8 Nov. INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS IN COTLAND 

Lecture, lari pration un 1 
l J. John 
9 kh 


screw ship, by A 
son and W. MeClimont 


bank Crescent, Glasgoy 
8 Nov. INSTITUTION OF CIVIL INEF 


Lecture, Some contributions 


from nuclear power to engineering, 
by 3 1-7 Great 
George London WI, 
5.30 pm. 


Davidson 
Street, 
8-9 Nov. COMBUSTION ENGINEERING ASSO 
CIATION— Conference— Hotel Ma 
jestic, Harrogate 

9-10 Nov. INSTITUTION oF 
GINEERS 


MECHANICAL EN 
Symposium, The use 
surfaces for heat 
transfer with clean gases | Bird- 
cage Walk, London SW1 
STAFFORDSHIRE 
INSTITUTE Presidential 
by k \ Wright Praining 
Centre, Stewarts and Lloyds Ltd, 
Bilston, 7.30 pm 

INSTITUTION OF MINING AND 
METALLURGY Meeting — Geolog 
ical Society, Burlington House, 
Piccadilly, London W1, 


a pm 
WEST OF OTLAND 


of secondary 


IRON AND STEEI 
address 


IRON ANI 
Lecture, 


steel f 


STEEL INSTITUTE Selec 
tion, testing and use of 
Caterpillar tractors, by Sellars 


Ll 
and W. J. Cormack 
Crescent, Glasgow 


nbank 
NATIONAL EXPOSITION OF 
AND MECHANICAI 
New York, USA 
SOCIETY OF INSTRUMENT ECH 
Nuclear 
Manson 
Portland Place, Lor 


POWER 
ENGINEERIN( 


NOLOGY Symposium, 
te perature sranni 
House 
Wi. 

29 30 Nov. THE IRON AND STEEI 
Autumn General 

Church ”" Gi 


Swi 


Street 


THE IRON AND INSTITUTE 


AND THE BRITISH NUCLEAR ENER 
GY CONFERENC! 
Steels for react sur reuits 

Church Smith 
Street, L e Sey 


tember ‘News’, p.0l 


SVmposium, 
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Spectrochemical analysis of solutions by 
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KRUGER, G., Neue Hiitte, 1959, Dee. pp.725 

730. (£6 1727 
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in tube manufacture 
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Oxide inclusions in iron chromium oxygen 
melts (with dis 
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On the corrosion ¢ ilica roof bricks with a 
low content of fluxing agents 
Stahl u. Evsen., 1960, June 23 
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Petrographic 
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ScHeNcK, H., and KOntes 
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Phe effect of casting 
mould surface coatings on 
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Forged tool steels for hot-work 
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MINERAL RESOURCES 


Genesis of marine sonny iron ores H. 
Borchert (Bull. In et., 1960, 69, 
March, 261-279) 

Future foreign iron ores F. G. Percival 
(27th Blast Furn. Conf., BISRA, 1959, Oct., 
4-8). Sources, types and conditions of future 
home ores JT. 8B. Adkins and D. R. W. 
(9-17). 


also ay 


(90 refs 


Jones 


ORES—MINING AND TREATMENT 


Influence of petrographic factors on the 
reducibility of magnetic iron ores. Attempt at 
parallelisation H. Schenck and A. Konigs 
(Arch. Eisenhiit., 1960, 31, April, 2 213 
Investigations are described which have the 
object of relating the agnetic 
iron ores to their reducibility, with partic ular 
reference to the varying 
magnetite and hematite, attributable to their 
lattice relationships (31 refs). 

Ore handling and beneficiation at Great 
Lakes steel G. R. Hornke and KR. E. Powers 
(AIMME, Blast Furn. Comm. Proc., 1959 18, 
37-60) Improved facilities for burden prepara 
tion are expected to increase tron 
by 20-30% at the Zug Island plant 
Lakes Steel Corp. The new 
sereening, crushing, and sintering fac 
described in detail, and their operation to data 
1s discussed.—-G. F. 

Selection of the optimum economical limit of 
enrichment of iron ores, from the Gorna Shora 
mines N.S. Sachko, I. G. Mikhailov, and N. A 
Shriro (Jzvest. VUZ ¢ Retie Vet., 1959, (9), 
179-187) The principal supplier of iron ores for 
the KMK blast-furnaces are the 
mines with 6x 10° tons of ore « 
2-3 10° of iron. By increasing the 
enrichment the losses of iron and the 
tion costs increase more than the proc 
of the furnace. On this basis the 
enrichment limits are 
mines 

Modern methods of roasting iron pyrites J 
Morath (Tek. Tidsk., 1959, 89, Oct. 9, 965-972 
The design, characteristics, and operation of 
various types of furnace are described and 
compared. 

Hydrometaliurgical extraction of copper and 
cobait from the iron ores of the Teshan Metal- 
lurgical Combine (China) A. L. Zagvanskii and 
L. A. Petrov (Izves. AN, USSR, OTN, 
Metallurg. i Topl., 1959, (6), 8-15) The ores 
are roasted in a eer at 600° with a fourfold 
air excess for 4 me Leaching is carried out four 
times in a 2 ®H,SO, solution counter- 
current, hedieeae 60 70 
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76% and that of Cu 75-90°%,. Witha 
up to 3mm the maximun 
by 4-6 and 4:-l respectively, and witl 
grain size below 1 mm by 6-4 and 12”,,. 

Thermal beneficiation of low- bgt chrome 
ores (Nat. Met. Lab. Ann. Rep., 1958-59, 24) 
his note describes e xp eriments carried out to 
upgrade the ore by preferential reduction 
ising gaseous and solid reduction methods 

Thermal beneficiation of low- = mangan- 
ese ores | Nat. Met. Lab., Ann. Rep., 1958-59, 
24) Studies were undertaken to upgrade Mn 
ores ns preferential reduction of iron, produ 
ing a Mn-rich slag. The 
scale experiments was obtained by smelting 
the ore with 7:5 coke dust for 34 h which 
gave a slag with 46-97°, Mn, 5°26°, Fe 
metal with 20-35°,Mn and 
recovery of 95°.Mn in the 
ratio of 8:9. 

Semi-pilot plant studies on the beneficiation 
of ferruginous manganese ore from Joda West 
Mine of Tata Iron and Steel Co. Ltd (Vat. Met 
Lab., Ann Re; 1958-59, 35) This note 
describes a pre l 


grain 


1 extraction increas 


best result in larger 


and a 
71-08 Fe, and a 


slag with a Mn—Fe 


wess based on low-temy 
magnetizing gaseous reduction which produces 
hig h-grade Mn concentrates from ferruginous 
low-grade Mn ores at an cost. Three 
t of low-grade ore produce one of Mn con- 
centrate. Reference is made to proposals for a 
plant to beneficiate 600 t/day of this ore. Pilot 
plant studies on the beneficiation of low-grade 
ferruginous manganese ore from Siljora 
Kalimati Mines, Orissa (35) Proposals for a 
100 t/day plant are noted 

Pilot plants for the agglomeration of iron 
ores on a semi-industrial scale Hi. Rausch ¢ 
F. Cappel (NML Tech..J., 1960, 2, Feb., 2 


A variety of tests is Ginoussed and eriticized 


economul 


and investigations of sintering and pelletizing 
and semi-industrial 
compared. The complexity of the 
stressed and many unsolved 
indie ated.—s.H. 

Industrial trials with Vol’kov iron vanadium 
concentrate N Dubrov (Stal’, 1960, (5), 405 
A note from he Ural Scientific Research Insti- 
tute.Trials on the sintering, blast-furnace 
sinelting, and converter treatment of the con- 
centrate are briefly noted. Steel with 0-03 
0-5°.V was obtained in 17—20-t « harge sand V 
was recovered from the slag with 10-17°,V,O5 

Production of self- neg pellets in “the 
a gs! and pilot plant K. k. Merklin and 
F, D. DeVaney (Min. Eng., 1960, 12, March, 
266-271) Tests on the pelletizing of taconite 
are reported, especially with additions of dolo- 
mite. Structures and composition of the fired 
pellets are given. Blast-furnace results are not 
yet available. 
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subject is 


on industrial 


problems are 


Journal of The Iron and Steel Institute October 1960 


Iron and Steel Manufacture and Related Subjects 


WELDING AND FLAME-CUTTING 2396 
2396 
2426 
244a 


245¢ 


PROPERTIES AND TESTS 
METALLOGRAPHY 
CORROSION 
ANALYSIS 
INDUSTRIAL Uses AND ApPLit 2474 
248a 


2486 


HistTorical 
ECONOMICS AND STATISTI 


MISCELLANEOUS 248¢ 


as translations. 


Mixing and conditioning of sinter-plant feed 
G. Brandes and tausch 1IMME, Blast 
Furn. Comm, Proc 1959, 18, 232-249) The 
authors stress the importance of correct pre- 
paration of sinter mixes, and describe the 
types of mixers and granulating ex 
currently used. The « 
re-rolling after 
ind test results are gi 
veral typical sinter 
mixes. It is concluded that no one 


juipment 
onditions under which 
mixing is desirable are dis- 
cussed, ven to show the 
influence of mixing on 
optimum 
mixing process can be applied to every kind of 
sinter mix G.? 

Control and proportioning of sinter plant raw 
materials J. W. Meredith and A. M. Frankau 
(AIMME, Blast Furn. Comm , 1959, 18, 
60-67) The authors emphasize the necessits 
for ac 
of a sinter mix, 
Heberle control system 
required with a high 
reliability 

The making of self-fluxing sinter and the 
blast-furnace practice with its 100 per cent 
sinter burden Y. Doi and K. Kasai (AJMME, 
Blast Furn Comm. Pros 1959, 18, 182-205 
A self-fluxing sinter practice has been used for 
Kokura Steel Works, and a 
blast-furnace has been operated successfully 
and efficiently on a burden of 100°, self-fluxing 
sinter. The preliminary development work is 
described, and details are given of the operat- 


ingredients 
Huntington 
ensures the 


‘urate proportio g of the 
and d ibe the 
whien 


accuracy 


about a year at 


ing practice G.F 

Mechanism of mineral formation in the 
sintering of fluxed sinter 1). A. Kissin and 7 
Litvinova (Stal’, 1960, (5 397-403) Petro 
graphic, macnetometric, and chemical ana 
lytical st idies of experimental sinters were 
made to identify the constituents formed and 
to elucidate their mex am of formation 
Formation of fayalite ivine, 
ferrites are considered and trials 
without flux were made. CaFe,O, 
have the best metallurgical 
strength and reducibility of 
constituents were studied 

Sintering studies on the magnetic concen- 
trate produced from low-grade Salem magne- 
tite ore (Nat. Met. Lab inn. Rez 1958-59, 
15) The investigation on the 
effects of variables such as basicity, and 
moisture contents in sinter mix on the quality 
of sinter produced carried out on a laboratory 
sintering unit showed that the optimum 
amounts of coke and water contents were 7-0 
and 9-0°%, for self-fluxing sinter with a basicity 
ratio of 0-85. 

New results with iron ore sintering, using 
blast-furnace gas as an additional fuel J. 
Holzhey (Neue Hiitte, 1960, 5, March, 143-148) 
The process is described and results compared 
with those from normal sintering operation. 
Advantages include greater uniformity of 


and 
and 
appeared to 
properties. The 
other 


silicates, 
with 


this and 


results of an 


coke, 
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temp. development in the sinter bed; temp. 
was held longer in the upper layers resulting in 
an increase in sinter strength, without loss in 
sinter reducibility. 

Scottish experience with fluxed sinter Fk. H. 
Baldwin and I. M. Mathieson (AIMME, Blast 
Furn. Comm. Proc., 1959, 18, 218-231; 27th 
Blast Furnace Conf. BISRA, 1959, Oct., 24 
33) The authors describe the theoretical con- 
siderations and the subsequent experiments 
which led to the adoption of fluxed sinter at 
Colvilles Ltd. Typical operating results at 
Clyde and Ravenscraig Works are given.—«G.F. 

Production and use of ferro-coke ©. Granger, 
M. J. Lack, and J. Mitchell (AJMME, Blast 
Furn. Comm. Proc., 1959, 18, 152-161) The 
production of ferro-coke by incorporating 
blast-furnace flue dust into a carbonizing mix, 
and its use as furnace fuel, is a simple and 
economical means of recovering the iron and 
carbon in flue dust. The authors describe the 
development of the operation at the Everett 
plant of Eastern Gas and Fuel Associates. 

Ferrocoke wes a and magnetite ores of 
South India H. Nandi and M. 8. Iyengar (J. 
Sci. Ind. ly 1960, 19A, Feb. 84-87) The 
production of satisfactory briquettes is 
possible. 

Basic principles of the manufacture of 
sponge iron S. Eketorp (Tek. Tidsk., 1960, 
90, March 11, 245-246, 247-248, 249-250) The 
chemistry of various direct reduction processes 
is outlined briefly. 


FUEL- PREPARATION, 
PROPERTIES AND USES 

Canadian coals in ferrous metallurgy A. 
Ignatieff, J. C. Botham, and J. H. Walsh 
(AIMME, Blast Furn. Comm. Proc., 1959, 18, 
136-150) The quality of Canadian coal 
reserves is reviewed, the differences between 
Eastern and Western Canada being described. 
The coking properties of several coals are 
tabulated, and the prospects for the use of 
Western Canadian coal in the ferrous industry 
are discussed.—G.F. 

Theoretical principles of flotation and selec- 
tion of reagents for ~ a flotation and some ores 
difficult to float |. Plaksin (R udy i Metale, 
1960, 5, (3), 86 93) 7a the USSR Academy of 
Science, tests have been carried out to estab 
lish the prince iple s of reagents ele ction for coal 
flotation and for some ores which are difficult 
to float. The non-polar reagents are effective 
with lustrous components of coal slightly 
oxidized. The action is of a collecting type. 
Heteropolar substances are effective for dull 
ash-coals; they have mainly a frothing func 
tion. Aliphatic alcohols are satisfactory 
reagents. The most active are the alcohols 
containing 6 to 8 atoms of carbon. Tests with 
W and Nb ores and some sulphides have shown 
the advisability of using reagents which act 
differently on minerals of differing crystallo 
craphic structures. In certain cases the use of 
gas is necessary to separate minerals with very 
similar flotation characteristics. 

Better coal preparation through better 
crushing A. and B. R. Kuchta 
(AIMME, Blast Furn. Comm. Proc., 1959, 18, 
17-21) The authors discuss the need to im- 
prove the sizing of coal charged to coking 
batteries, and consider the possibility of satis 
factorily attaining high levels of nr mR 
through the use of crushers of improved desig 

New developments at Pennsylvania crusher 
division J. J. Bradfield and F. A. Fawcett 
(AIMME, Blast Furn. Comm. Proc., 1959, 
18, 22-29) The authors compare the efficien 
cies of attrition crushing and impact crushing, 
and outline the design and operation of the 
Pennsylvania reversible hammermill and 
reversible impactor. The concept of impact 
crushing without retention is discussed.—a.F. 

Advances in impact crushing techniques as 
related to coal J. ©. P. Taylor (AIMME, 
Blast Furn. Comm. Proc., 1959, 18, 29-30) The 
author briefly discusses recent advances in the 
design of impact crushers which result in 
better product control and a reduction in the 
amount of fines produced.—«. F. 

Preparation of coking coal with the Joy- 
Hazemag impact crusher M. Len Mairs ( 7 ME 
Blast Furn. Proc., 1959, 18, ‘ 33) A 
description is given of. the Joy- lt dhe 
impact crusher which is designed to use, as far 


srisse 


Comm. 


as possible, only the impact principle for reduc- 
tion and to be able to perform the work with- 
out oversize recycling. Results indicate that 
pre-screening can be eliminated, and that the 
impactor can be used as a coal mixer.—a. F. 
Advances and experiences in the evaluation 
of coal and coal mixtures in the production of 
ee coke M. F. Kessler (Hutn. Listy, 
1960, 15, (1), 6-12) Cokeability and its deter- 
mination are discussed with special reference 
to data obtained in Czechoslovakia. The inter- 
national classification code is shown to be also 
applicable to mixtures of coals.—P.F. 
Automatic sampling and bulk density control 
of coking blends 8. Prellwitz (AJ MME, Blast 
Furn. Proc., 1959, 18, 4-13) The author 
explains the importance of the bulk density of 
a coking blend, and describes the system used 
at Fairless Works of United States Steel Corp. 
where bulk density is continuously measured, 
and controlled by varying the oil additions. 
Operating results are compared with those 
obtained before the control was used.—G.F. 
New insight into the coking processes |). W. 
van Krevelen (* Brennst« ff-Chemie, 1956, 37, 
101-106) The mechanism of the softening and 
degasifying of bituminous coal was investi 
gated, using a plastometer, dilatometer, and 
thermobalance. It is concluded that the soften 
ing of bituminous coal is based on a type of 


Clomm. 


depolymerization, with simultaneous cracking 
of the resulting metastable transition products; 
these act as softeners of the coal. 

Coking mixtures with additions of low 
quality coals J. Kune and V. Stuchlik (Paliva, 
1960, 40, (3), 74-77) Res@arches were carried 
out on six ‘economical’ mixtures containing 
various amounts of low-grade coal, to ascertain 
the cokeability. The work is designed to meet 
the situation expecte “1 to arise in a few years 
when high-grade coking coals will 
Conditions under which the low-grade 
utilized are indicated; the 
must not be present in 


become 
scarcer 
coals can best be 
high-quality 
amounts less than ~20°,,.—P.F. 

Methods of banking coke ovens A. PD. 
Shattuck (AIMME, Blast Furn. Proc., 
1959, 18, 166-173) The author briefly reviews 
methods of banking coke ovens and discusses 
the advantages of pressurization. The Clairton 
pressurizing system is outlined and then 
details are given of the method used at Great 
Lakes Steel Corp G.F. 


coal 


Comm. 


AIR POLLUTION AND SMOKE 


Recommendations on heights for 
industrial chimneys G. Nonhebel (7. Inst. 
preprint, 1960, May 23, pp.17). 

Dust technology (Annual review) W. 
Griinder (V DIZ, 1960, 102, May 21, 629-633) 
A review of recent literature dealing with dust 
measurement, morphology, and industrial 
control (54 refs). 

Trends in the technique of dust removal in 
workshops W. Muhlrad (Usine Nouv., 1959, 
Monthly Nov., 53, 55, 57, 59-61) A 
review of the various types of installations 
with cost comparisons practical points on 
design and installation and of dust measure 
ment. 

Cleaning gases at high temperatures \W. 
Strauss and W. M. Thring (Engineering, 1960, 
189, April 22, 558) Filter 
600°C are considered, including use 
OH furnace. 


TEMPERATURE MEASUREMENT 
AND CONTROL 


Two colour pyrometer tells correct tempera- 
ture Shaw Instrument Co. (Steel, 1960, 146, 
April 4, 144-150) The operating principle and 
applications of the ‘Shawmeter’ pyrometer are 
described. The instrument temp. 
above 1400°F by measuring the ratio of radia- 
tion at two selected wavelengths; the same 
photosensitive element is used for both wave- 
bands in rapidly alternating sequence. Thus 
it is relatively independent of the emissivity 
of the object, and the readings are not seriously 
affected by distance or intervening haze and 
smoke. It has been pared for many metal- 
lurgical!l applications.—D.L.c.P. 

Thermocouple materials. for the measure- 
ment of temperatures above 1600°C J. T. 
Miller (Instr. Practice, 1960, 14, May, 510-513) 


new 
Fuel, 


issue, 


beds for use above 


with an 


measures 
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A review of combinations of Pt-group, Mo, Re, 
Ta, W metals and graphite and carbide com- 
binations. 

The behaviour of the Venturi pneumatic 
pyrometer in industrial furnaces R. k:. Holland 
R. Jackson, and G. G. Thurlow (J. Inst. Fuel, 
1960, 33, April, 180-187) The design and 
principles of the venturi pneumatic pyrometer 
are described and the results obtained in using 
the instrument in a number of industrial 
appliances are These include the 
OH furnace, Bessemer converter, glass tanks, 
oil, and pulverized fuel-fired water tube boil- 
ers. Finally tests carried out in the experi- 
mental pulverized free-fired furnace at LJmu- 
iden using both the pneumatic and suction 
pyrometers are described. These show the 
of the former in that it is equally 

all temp., has a ra 
blocks only slowly in dirty gases 
cleaned 

Measurement of very > temperatures A. S. 
Kaufman (Instr. Practice, 1960, 14, Mav, 502- 
507) Plasma conditions and ion electron temp. 
measurement up to 10°°K are discussed. 

Do you really know how hot it is? (Steel, 

1960, 146, March 14, 94-99) The principles of 
temp. measurement are reviewed and measur 
ing instruments 
indicating the 

Control 
Swinn (Vitr 
discussion, 340 


discussed. 


advantage 
accurate at pid response, 


and is easily 


are described with a view to 
field of application of each. 
of furnace temperatures W. J. 
Bull., 1960, 10, April, 327-340, 
343) A general account of 
feed-back control systems. 

Experience with continuous temperature 
measurements of liquid steel in ladle and furn- 
ace P. Ya. Sorokin (MVetallurq 1959, (12), 
19-21) The Metallurgical Institute of the Ural 
Branch of the Academy of Science USSR 
evolved a method for the production of ther- 
mocoup le ti ips of ZrO, of high thermal stability 
and high heat resistance. The heat inertia 
through a 3 mm thick wall does not exceed 
60-70 sec. which is of no imp in con- 
tinuous measurement. The hot junction of the 
thermocouple is fixed in the ladle through a 
false stopper, in the bottom or at the sides. It 
was found that the temp. of the metal in the 
upper layers of the ladle is less than that 
towards the bottom. This system of continuous 
measurement should prove of great advantage 
when automating production. 


rtance 


REFRACTORY MATERIALS 


Researches on the production technology of 
high-quality compact fireclay biocks I. Pomst 
(Hutn. Listy, 1960, 15, (1), 40-46) The tech- 
nology of ar i Be of firebricks containing 
about 40°, of Al,O,, and having a porosity of 
less than 14% was developed. Details of the 
method and of tests carried out with it on a 
yiven., The process will be 
scale in Czechoslovakia 


semi-works scale are 
introduced on a large 
in the near future.— P.H. 

Problems of recent refractories engineering 
Y. Kora (Tetsu to Hagane, 1959, 45, Dec., 
1363-1373). A review-—K.E.J 

Evaluation of clinkered —— materials 
A. Sontz and R. Ames (AIMME, Proc. 
OH Comm., 1959, 42, 165-175) . a result of 
laboratory tests, subsequently confirmed in 
OH furnace trials, the authors have established 
a correlation between the grain size of burnt 
dolomite and its three most important physical 
properties, the angle of rest, bulk density, and 
rhe quality of a chemically 
thus be deter- 


sintering tendency. 
uniform burnt dolomite can 
mined merely from sieve analysis,—«. F. 

The effect of TiO.,, on the properties of silica 
refractories N. F. /katon and ~ Higgins (7'rans 
Brit. Ceram. Soc., 1960, 59, Jan., 1-15) TiO, 
affects the «-B cristobalite tr: enstermetion. It 
also affects porosity and permeability. A 
mechanism for the effect is suggested. 

On the formation of tridymite: The joint 
action of lime and alkaline oxides W. L. De 
Keyser and R. Cypres (Silicates Ind., 1960, 25, 
March, 109-137) A detailed study has been 
made of the effect of small quantities of the 
oxides of Na, K, and Li on the polymorphous 
transformations of silica under the action of 
CaO.—P.F. 

Reaction between molten steel and refrac- 
tories. 1V: Behaviours of C, Si, and O in the 
steel melted in Al,O,-SiO, crucibles in a 





vacuum 8S. Minowa and M. Kato (Rep. Govt 
Ind. Res. Inst. Nagoya, 1960, 9, Feb., 79-84 
After 5-20 min contact at 1600°C Si and O 
increased in steel melted in pyrophyllite cruci- 
bles and O, decreased in high-Al QO, crucibles 
in vacuo. C decreased in both. The (¢ o pressure 

in molten steel is inferred 
A device for firing ‘electric furnaces auto- 
name &- H. Brit. ¢ 
1960, 59, described, the 


is used for the ceramics, 


Lovell (Trans 
a 22-24) As 
firing of 


eram. 
ac vice 


IRON AND STEEL, GENERAL 


The most important scientific and didactic 
attainments of the Akademia Gornieso 
Hutnicza in Cracow and research trends in iron 
metallurgy W. Rozanski (Hutnik, 1960, 27, (3), 
92-95) The author gives an outline of the more 
important work done Most of it is of a theo 
retical nature pl under the 
following sections The 
steel, and alloy steels, the 
steel, heat treatmer 
heat utilization and 
and coke ovens. 

Developments at Appleby- ere soem] since 
= 4. Atkin and E. ‘arrington (JISJ, 

1960, 196, Oct., 217-224 This issue 

Material cooneuny in ferrous metallurgical 
operations L. Mayre (Neue Hiitte, 1960, 5, 
April, 202-212) A detailed study of material 
in iron- and 
with particular ference to 
German practice and applicatic 
ditions in East Germany 

Engineering —— of the Redbourn develop- 
ment scheme | Hesketh (JISJ, 1960, 196, 


Oct., 213-218) This lan 


and can 


economy making operations 


West 


is made, 


BLAST-FURNACE PRACTICE AND 
PRODUCTION OF PIG IRON 


Quo Vadis blast-furnace? M. ©. Holowaty 
and J. B. — 17MME, Blast Furn 
Com Proc., 1959, 18, 310-314) The authors 
enumerated the problems which must be 
come if the blast-furnace process is to 
pace with the rapidly progressing ste¢ 
trv. They consider the possibility of deere 
and discuss problems of burd 
furnace design, refractories, and the 
of the blast.—«G.F 

New blast-furnace design boosts iron yields 
(Iron Age, 1960, 185, Jan. 28, 96-98) Proposals 
by the Koppers Co. Inec., for an ‘ultrahigh- 
pressure’ blast-furnace are considered. Reduc- 
with pressure, and a Freyn 
ted. Features of the 
40 psi; 28 ft hearth 

prepared burden: 
effected by a 
by orifice 


over- 
keep 


coke costs, 


condition 


tion rates increase 
rating of ZOU 1s exper 
design are: top pressure 
dia.: two tapholes: fully 
reduced stack height 
small dust catcher and wet « 
in downtake gas main: specially 
blowers. A table summarizing the e 
shows that compared with a normal-pre 
furnace of 2000 t/day capacity, high -pre 
could double the output and save $4 10*/vear 
for 23 extra capital cost D.L.C.P 

Ultrahigh pressure rer boosts hot metal 
output ©. R. Rice (Steel, 1960, 146, March 21 
148-154) The proposed design for a blast- 
furnace operating at 40 psi top is out- 
lined. A Freyn rating of 200 
possible; the increased capital cost 
recovered by operating 
Features include: special charging 
reduced stack height; external 
cooling of stack and hearth; 
two tapholes; small wet type 
orifice type gas “ete r plant 
burden. D.1L.¢ 

New ways of intonsitying metallurgical pro- 
cesses I. I’. Bardin (Jzrest. AN USSR, a N, 
Metallura. i Topl., 1959, (6), 3-7) A s et 
program outlining the intended deve ieuaiad 
in the production methods such as direct 
duction of steel in 
the size of metallurg 
production indices, ¢ 
ing hearth temperatures by about 200°, recon 
struction of the hearths of blast-furnaces ete. 

The uses and limitations of pilot plants in 
studying iron making problems I). W. Voice 
(NML Tech. J., 1960, 2, Feb., 24-26) The 
limitations of pilot plants in procs 
blast-furnaces, where scaling is involved, are 
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leaning 
~ 
onom 
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should be 
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costs. 
echan- 
water 


decreased 


isms; 
air-cooled base: 
dust-catcher and 


; fully prepared 


pro 
blast-furnaces, tere 
ical units, 
nrichment of ores, increas 


asing 


improvement of 


sses such as 


compared with those in, « 
is not. Problems are indicated anc 

Ore and coke in biast-furnace 
rurnbull and J. B. Wagstaff (AJ. ME, Blast 
Furn. Comm. Proc., 1959, 18, 120-134) The 
authors discuss and illustrate the results of 
i0odel studies of solid movement 
ring the use charges. Th 
movement of columns of different | 
is deseribed, 
note 


where it 
i discussed 


models | 


g. sintering, 


blast-furnace n 
cove of ore and coke 
nsity 
and several jor eftects of gas 
“ad G.F. 

Bureau of Mines use of natural = in an 
experimental biast- surance N. B her 
17MME, Blast Furn. Comm. Pr "1959 
18, 69-73) In experin experi 
mental blast-furnace eau Mines 
natural gs l 
Zoe 
to & 


yulK ae 


flow are 


is has beer 
through auxiliar 

of the air blast 
1404 
n rate was in 
id rate ; 
Technical achievements of blast- nam pro- 
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Chern Vet 1959, (S 
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chnic 
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et Russia is | 

ethods of 


introdu 


ern n 
rapidly 
fluxed sinter, ete 
qual tv of n ! 
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before conversio1 

Bending and the rigidity of valve component 
covers free or flexibly suspended, suitable for 
blast-furnace equipment D. A. Stor 
Izvest. VI 
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Standardization of ?— furnace preteen 
E. 8S. Glikman and I rity I Z 
Chern. Met., 1959 
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per t of iron. The 
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ctive furnace it/m?, ar 
oKe consumption int 
effect of all these t« 
considered 
evolved, 


Testing lumpy ore for its behaviour in the 
blast-furnace H. Birnbaum, L. von Bogdandy, 
and W. Janke (Stahl Eisen, 1960, 80, June 9, 
781-788) Studies of the mechanical prop 
of lum] iron ore as well as its reducti 
in the blast-furnace showed that certa 
efficients could be derived that enable 
predict the behaviour of the ore in th 
In this conne a forn 
ed for the pre tion of the j 
in the blast-furnac: rreement betweer 
theory and practice 
(60 refs). 


specific « 
rms of the 


in detail and standard norms ¢ 


x10n, 


mnths 


was good 


Correlation between preliminary processing 
of blast-furnace burden materials and low coke 
rate K. Tsujihata, K. Kodama, and M. I 

11M ME, Blast Furn. Comm. Proc., 1959, 18, 
205-215) At ¥ Steel Works, 


the preliminary proc ing of the }t 


awata 
materiais, ising 
sereens, and 
coke rate from 
the practice 
Testing a 
stacks F’. A 


Bazilevich, 


is reducet he 
200 Ib/t. Details of 
sults are 
carbon lining for blast- ae 
Khil’kevich, B. L. Ls 
and \ K. Korne Stal’, 

5), 385-391) Early tests in which the complet« 
bosh was lined and failur 

about by Zn comyx« s and steam and later 
ful trials on lining the bottom half of 
with asbestos insulation to 
remove the zone of rystallization 
beyond the carbon zone are describe d, Wear is 
still considerable and the production of uni- 


sintering plants, h 
1640 to 1 
and operating re given 
arev, S 


1960, 
was rapidly brought 


Success 
stack and bosh 


zincite 
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form tine 
called for 
The influence of biast temperature on blast- 
ale operation N. N. Babarykin and F. A 
ishin (Stal’, 1960, (5), 391 ; t my 
— been rais¢ 
further to 1100-1200 

were studied to tra 

| and pr 

omposit 


grained blocks of low porosity 


dto 1000 


ad 


Relation between temperature and compeosi- 
~ of pig iron and slag V. I. 1 ’ 
Z 


} 1 Vet... 1959, (6), 


aiso chanye 
Selection of conditions for high driving rate 
of large blast-furnaces of the NTMK N. F. 
Dubrov (Stal’, 1960 405) Ar Produ 
vas raised 7 b ncreasing 
to 100 and tl ASiCi fr 75 to 
Ot; rate was reduce 
aiso reduced the i to 
Economics of the use of pellets in blast- 
furnace production | S. Kagan, Kh Ziatse. 
nag ' \ 


! 
Z, Che 


t 
nto « 


Blast- haveectve “pen with pellet ane sinter 
burdens J. bB. Hi i i UME, 
Blast Fur n. Proc., 9, 77 iS] 


Bethlehem el repare 


iron 
tained GF 

Biast-furnace sinter related to burdening and 

or F. R. Kik (AJIMME, Blast Furn. 

c., 1959, 18, 

ey erie! 


tonnages 


100 


irnac GQ. 
Manutacture of ‘pig irons for nodular 

graphite cast iron in the blast- furnace ane 

properties of the irons I. Aol 26 wr 

Internacional de Fund n 

ul del IH A, Madrid, 

In English] In 

Kar 

facture ot 1woduialr st i yn insat actory 


Gene r 


i@isnil, Japan nanu 


casts were metimes made " within 
specification fo . . Brow and §S 8 was 
attributed to f rese of Sn, A 
Sb in as iatic 0-05-0°1 ri 
Operating experience of a blast-furnace with 
evaporative cooling |’. ‘ and D. 


nad 


ym with 


Gilazkov 


October 1960 
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Krasnozhen (Stal’, 1960, (5), 403-405) A 
review of the working of a 
since Nov. 1957 is presented. 
ing arrangements are 
that they 
improvement, 
Controlling the heat balance of the biast- 
furnace by the analysis of the flue gases A. N. 
Pokhvisnev and N. oo (lzvest. VUZ 
Chern. Met., 1959, (9), 29 ) A method is des 
eribed for maintaining ae H, in the 
flue gases which permit the quantitative deter- 
mination of O, taking part in the reducing 
processes and also the volumes of O, extracted 
from the charge by Hg, and leaving r the furnace 
in the form of steam. This is of special import- 
ance for the blowing of generator gas. The 
general formula evolved for a rapid calculation 
of the 


1033 m® furnace 
Plans of the cool- 
given and the results 


show require simplification and 


balance 


heat balance permits at any moment a 
correct assessment of the heat supplied per 
unit of oxygen extracted from the charge (or 
its equivalent per unit of molten iron) and 
may be used efficiently for controlling the heat 
balance of the furnace. 

The course of reduction and the temperature 
profile in the biast-furnace 1}. Schirmann, W. 
Zischkale, P. Ischebeck, and G. Heynert 
(Stahl Eisen, 1960, 80, June 23, 854-861) The 
temp. prevailing whole length of a 
blast-furnace measured with the aid of 
probes, at the sarne time the composition of 
the gases was determined. The evaluation of 
the results showed a close relations 
temp , gas composition, 
tion, The 
show no agreement with the concept 


over the 
were 


hip between 
and Boudouard reae 
eurves obtained in this investigation 
held so 
place in the 
finding may be sum 
reduction of the 


far about the reactions taking 
blast-furnace. The main 
marized as follows: The 
which the CO, 


coke 1s confined 


iron 

formed does not react 

with the mainly to a temp 

region between 800 and LO000*¢ ret 

Some studies on the behaviour of gas in blast- 

furnaces Y. Imao and S. Mizuno (Tetsu to 

Hagane, 1959, ap Dee., 1321-1327) A German 

iS samy wa ised in the shaft of No.1 

» re Works, and a simplified 

Phe distribution of CO,, gas 

nt for the two 

ced the ga 
latter 


oxides in 


ocity were dittere 
hanges in burden influen 
and reducibility 

self-fluxing sinter 

of CO at the 
arbon depositior 
CO, in ascending 
during hats ng. K.E 

The technology of stein foundry iron in 
the biast-furnaces of the Kuznetsk Metallurgical 
Combine N. N. Chernov, P. G. Zhigulev, A. F. 
Egorov, and M. BD. Karachentsev (Jzvest. 
VUZ Chern. Met., 1959, (8), 21-29) The heat- 
ing up and cooling of the furnaces st be 
Rapid transitions from the 
melting of conversion iron to that of foundry 
iron and vice versa are causes of the formation 
of incrustations in the furnaces. A camnaign 
for foundry iron must not last less than LU-12 
days. A shorter period does not give sufficient 
time to or ooth transition. The 
increase or decrease of the ore burden during 
the transition must be done by changing the 
weight of the coke charge without a change in 
the optimum weight of the ore additions in the 
charge. Under conditions obtaining at Kus- 
netsk, the ust amount to about 0-55 t 
per t of iron and have a basicity of 0-95-0-97. 
The quantity of slag increases with the 
duction of hot types of tron. 

Results of campaigns carried through in 1958 
in the low-shaft blast-furnace of Liege FE. P. 
Bonnaure (AIMME, Blast Furn. Comm. Proc., 
1959, 18, 75-91) The author describes the 
Liége low-shaft blast-furnace and presents 
results which illustrate its use as a small 
experimental furnace. The influence of high 
top pressure, driving rate, and burden granulo- 
metry has been investigated, and successful 
trials performed with fuel injection and O, 
enrichment of the blast. The work has led to 
a better understanding of the physico-chemical 
and thermal processes that take place in the 
stack.—o.F. 

Laboratory evaluation of performance char- 
acteristics of various types of sinter A. M. 
Schwartz and M. O. Holowaty (AIMME, 


enly. 


earried out ev 


yanize a sm 


slag m 


pro- 
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Blast Furn Proc., 1959, 18, 92-98) In 
order to simulate conditions within the blast- 
furnace, the authors have developed a labora- 
tory high-temp. blast column and a standard 
testing procedure for evaluating sinters. The 
results appear to be entirely satisfactory for 
qualitative evaluation.—a.F. 

High-energy wet scrubbers can satisfactorily 
clean blast-furnace top gas W. W. Campbell 
and R. W. Fullerton ( if. UME, Blast Furn. 
Proc., 1959, 18, 329-334) The authors 
summarize data obtaine d to date in the opera- 
tion of high-energy wet scrubbers of the orifice 
or venturi types, at the Clairton, Lorain, and 
Duquesne Works of United States Steel Corp. 
It is shown that the scrubbers can clean blast- 
furnace gas to a degree that is acceptable for 
gas-fired auxiliaries. The relative merits of the 
orifice and venturi types are considered. 

The economic utilization of slimes obtained 
in purifying biast- ae gases K. Niemiec 
(Hutn. Listy, 1960, 15, (2), 96-101) The slimes 
were found to be maanatie, and magnetic 
separators were used to give concentrates with 
62°,Fe and only 5 oSiOg, the output per con- 
centrator being about 10 t/h. Possibilities of 
increasing the density of such concentrates, 
and problems of transportation are con- 
sidered.—P. F. 

Dephosphorization of Indian pig iron (\ ut. 
Vet. Lab. Ann Re; , 1958 59, 8) With high-Si 

de phosphorization in the 
cupola was limited and better results 
obtained whe Ow ig iro iade by oxvgen 
lancing of the gh silicon 4 


Comm. 


Comm. 


pig iron, lined 


basic 


were 


ig iromin the direct 
d. With the cold blast, 
40) yhosphorus removal was obtained 
ee refined in the mixer with oxygen and 
water (. F. Ch 1960, (5), 426) A note 
from Zaporozhstal’. slowing for 30 min 
removed I8°,Cr and »Mn. Two peri 
lh removed 25-30 and 14-25°°Mn. Blow 
ing for 5 h with charging of 25 scale and 7 t 
lime with 440 t iron red d Si 60 
Mn 38 without chang 
Metal saving in the transport of the liquid 
iron S. Popa (Wet. si ¢ str. Masini, 5 
‘ 


lace was cl 


ib (Stal’, 


of S 


1959, (5), 
393-397) 1e Optimum capacity of 
ladles is *OnmSsiae da 
all parameters such 
required per production unit of 100000 t, 
number of astings, per ladle loss of metal, 
consumption Of re ci 1 ete 

Pilot plants (Nat. Met. Lab. Ann. Rep., 
1958-59, 28-33) \ description is given of the 
design and operation of the low-shaft furnace 
pilot plant set up by the laboratory at Jam- 
shedpur and the raw materials used. A flow 
sheet and layout diagram of th 
given, 

Comprehensive tests on self-fluxing briquet- 
tes for smelting in the low shaft furnace (Vat. 
Met. Lab, Ann. Rep., 1958-59, 34) The room 
temp. crushing streng th of the briquettes was 
found to increase with higher forming pressure, 
In the SHN testing machine the results have 
shown that the briquettes having the higher 
forming loads tend to crumble under a higher 
applied pressure and a higher temp. The 
briquettes contained 44% iron ure, 34% non- 
coking coal, and 6° piteh 

The low-shatt ogg at Barbil (India) W. 
Wenzel (Stahl Eisen, 1960, 80, May 26, 763) A 
short description of 36-m® capacity low-shaft 
furnace with a hearth diameter of 2-5 m that 
has b en recently erected in India. The output 
of the furnace is about 80-85 t/day, the coke 

onsumption about 100 kg higher than in a 
cony entional blast-furnace. A coking plant is 
being erected for producing suitable coke for 
the low-shaft furnace. —1 

Investigations on the operation of a large 
circular low-shaft furnace K. Siuberlich and 
G. Briickner (Neue Hiitte, 1960, 5, March, 137- 
143) A blast-furnace of VEB Maschutte was 
operated experimentally as a low-shaft fur- 
nace, with a charge level of 6-5 m. Best results 
were obtained by grading the burden to 10 
40 mm, and a satisfactory basic Bessemer pig 
iron was made. Experiments were also carried 
out using brown coal high temp. coke with the 
same size range. 

The present position of the non-traditional 
processes for the reduction of iron ore A. Scor- 
tecci and A. Palazzi (Met. Ital., 1960, §2, May, 
214-228) As a result of the shortage of coking 


carrier 
given for 
number of ladles 


nd statistics are 


as the 


plant are 
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coal in Europe steps have been taken to econ- 
omize by using richer ores, concentrating lean 
ores and sintering. Research into non-tradi 
tional reduction processes has been spurred by 
this situation. Progress with various methods 
s described. The 
shaft furnace 
capable 


conclusion is that the low 
is at present the only method 
of use on an industrial scale. Methods 
electric energy and the sponge iron pro- 
the blast- 
furnace in spite of their technological success. 
A wide field for research still exists 


using 
cesses are too costly compared with 


PROPERTIES, TREATMENT AND 
USE OF SLAGS 


Utilization of slag obtained in processing 
Stainless steel — in the electric arc furnace, 
using oxygen Chovjka (Hutnik, 1960, 10, 
(1), 2-5) ¢ eet Ho can be recove od for fur- 
ther use in alloy steel by adding Cr-bearing 
slags to reducing slags of melts in alloy steel 
production. In this way the Cr is utilized with- 
out a deterioration in the steel. The method of 
salvaging Cr is cheap to introduce In the 
author’s experiments, carried out in a 2-t basic 
electric are-furnace, 
37° Cr,05, and hence 25°,Cr, were 
fully utili ised The experiments and results 
obtained are discussed P.F 

The importance of physico-chemical investi- 
gations to the development of ——— slag 
technology I. Rogozinski (Hutnik, 1960, 27, 
(3), 109-114) In order to increase the use of 
granulated slag in the cement industry, 
investigations into the structure 
have been carried out 
advanced that 
slag 


Cr ores containing 


success 


creases. In particular the 

Al ions were discussed since the 

AL,O, content of above I: 

4pparatus used in the investigation 
eribed 

Activity of the components of the CaO 
Al,O., SiO, fused systems I. I. Sryvalin and 
O. A. Esin (Jzvest. VU Z Chern. Met., 1959, (8), 
9-16) An proposed for 
the activity of the components of 
8) he equation is obtaine 
in the 


xpression is 


ing certain 


regular solutions. The 
of CaO and SiO, calculated by means o 
equation agree well with experimental data 
Visualizing crystal growth in melts and 
measuring liquidus temperature to 2300 C with 
tanga equipment G. Cavalier (Amer 
c. Bull., 1960, 39, March, 142-144 
y capillary effect on a hairpin 
Mo wire is he at e lhquid 
current flowing through the wir 
ion being 
under 
i8 introaur 


eorrections 


values of 


possible by illuminating the 


ful lamp. A tiny 


a powe! 


coupl 


mp. when cry 


fi irnace 

V > Cat 1600 

Electrical conductivity and magnetic proper- 
ties of melts of the ternary oxides FeO-Si0, 
CaO (Zn0.Al.0,) V. P. Schastlivyi and D. M 
Chizhikov (lzvest. AN USSR, OTN, Metallurg. 
i Topl., 1959, (6), 16-20) The measurement of 
the specific electrical conductivity was carried 
out from volt-ampere with two 
3-5 mm dia. W electrodes between 
Pt-Pt-Rh thermocouple was inserted, in 
corundum crucibles in an atmosphere of N,, 
heated in a Silit resistance 
trical conductivity of this liquid system obeys 
an exponential law. The activation energy 
does not exceed 18 cal. The magnetic 
bility is practically 
between 1 100—1450°, 


DIRECT PROCESSES 


New electric direct reduction process produ- 
cing steel or pig iron A. De Sy (AIMME, Blast 
Furn,. ¢ Proc., 1959, 18, 316-327) The 
author describes a new direct reduction process 
which is operated in a double-hearth low- 
frequency induction furnace. It requires a 
special high-grade iron ore and a fairly pure 
carbon as reductant, and produces either a 
rimming steel or a carbon-rich iron. The prin- 
ciple of the process is described and experi- 
mental results are discussed. The practic- 


readings 
which &@ 


furnace. The 


] 
elec- 


permea- 
independent of temp 


omm, 





ability of the process is also considered. —G.F. 

Electric steel by direct reduction !. Nivri 
(Tek. Tidsk., 1959, 89, Oct %, 973-976) A des 
cription is given of the Tysland-Hole low-shaft 
furnaces, and the Strategic-Udy, Lubatti, and 
von Roll processes 


PRODUCTION OF STEEL 


What's in a name? |. 
Steel Topics, 1960, 5, (3), 
a steelmaking proce s | ely 
factors the steelmaker doe ‘ or It 
suggested that engines 
with the 
practice 


rs should be concerne: 
physical results of manu 
rather than specifving t 
which produce them. The acid Besser 
described to show that althoug 


steels witl 


tac 


cess 18 
ent processes produce 
attributes these are well understood ¢ 
able of being demonstrated and testec 
Acme Steel Company (/ron Steel Ey 
37, March, Al-A44) A review of the 
ment and present operat 
the Company particu 
Riverdale, Illinois 
Davy- United’ s contribution to Durgapur 1st 
stage (Anvil, 1960, 5, Spring, 18-27) A detailed 


deseription is given with hot« d lavout 


ions and cape 
larlv at ther 


diagrams of the design and o 
completed stage of the work ! 
stages IT and III is also dealt wit! 
Steeimelting shops 8. K. Kar { 
Ratnam (TISCO, 1960, 7, Jan., 1-68) The 
stevimeltis y shops of tl lata Iron 
and Steel Co., are described in detail, and the 
developments in the ‘new’ No.3 steelmelting 
shop, and the planning behind these develo; 
ments, are minutely deseribed 
Some major problems in steel plant vi ap 
ing for growth at Stelco L.. H. Chater 
1960, 43, May, 41-49) Materials har 
the Hamilton Works (Steel Co. <« 
including iron and slag, and sor 
tional problems are discussed 
Pilot plants in pyrometaliurgy \. bo 
WL Tedh. J., 1960, 2, Feb., 47-51) Ad 
tay and disadvant y 
mets 
locati 
and cl 
special feature 
British 
have worked, are described.—s.H 
How steelmakers can use ae safely ht. b. 
Armstrong (Steel, 88.90 
Advice is given on the 
which are desirable whe 
works. Oxyvyer 
and scale and « 
be cleaned with caustic so 


Various 


lants inp 


yp esear 


1950, 146, Feb. 29, 


should be marked and protes 
mechanical damage. Lancing 
be carefully used and maintair 

Oxygen production and distribution centre at 
the Oxylor Works (7+ Vod., 1960, 3 
April, 194-196) The arti lescribes the main 
features of the 
centre just completed near 
Liquide to supply the Lorraine 
supply network extends over ¢ 
snd feeds ten works. Extens 
the South and Longwy and Luxembourg in 
North are planned Supply tir enable 
2120 108 ft® of oxygen to be handled 

The use of oxygen in steelmaking I. 3. King 
(AIMME, Proc. OH Comn 1959, 42, 250 
262 The author 
oxvgen in steelmaking processes, 
siders the elementary thermo-chemistry 
kinetics of such 
with O, enrichment of co 
with the use of O, for accelerating the refining 
reactions. Attention is also given to P elimina 
tion at high carbon levels and the production 
of low nitrogen steel and ver low 
steel G.F 

Low-sulphur steelmaking proves out on 
tonnage basis H.W. MeQuaid (Jron Age, 1960, 
185, Feb. 18, 114-116) It is reported that the 
‘rotary reactor’ patented by Goss, has 
proved successful under production con 
ditions. In the process, liquid metal is spun in a 
rotating reactor with caustic soda and, if 
required, iron oxide and oxvgen; the slag and 
hot metal are then separated. In this way, 8, 


Oxvlor o product 


ons 
i 


discusses the f 


processes He deal 


mbustior 


carbon 


si, ©, and 

siderably reducec 

give more free¢ 

The product woul ive eco! 
extend the apph ft OH 
erters, or electric 


ations 


in Operatior 


“terap handling poapremanee. 
them for grote Lust 
1960, 13, Jan., 17-20) I 


le n and installation 


How to plan 
Pp } 


are 


described 

Reclamation and processing of scrap from 
steelmaking slag wr Retuse-Heckett process 
G. G, Spand! and M. Sundarar ISCO 
1960, 7, Jan., 69-7 The Hee tt pr 


Clamats 


% a ‘ 1 
Determination of “the characteristics 
press for scrap pipe and tube It. mi 
Ital 1960, 52, Marct 
describes a stud 
for installing : 


crop end 


of the} 

teristics of the 
stucdiy are tal ‘ 

Keep — flux moisture tree Tir 
Bearing > lror fae, 106 
A svstem using waterproof 
electric melting 
is stored in the portal 
mptied into the char 
truck Objects ar 
absorption by the 
_ in the 
I idling, and reductio . Ar 
‘femme applications of computer control in the 
iron and steel industry T. M. Stout and \ 
Roberts (/ re i Eng., 1960, 37, Mar 


108 I'vpes of computer 


in an 


quatity st 


n Nte 


deseribed, typi 
applications to 
suggested (17 refs 
On the production of soft a = hog 
the oxygen converter |). Kor! 
1960, 15, (1), 13-20) Ful 
have shown that the 
duced in the ox 
least equiy 
Particular! 
the rimming 


carbon tn the melt simultar 


alent 


oe deoxidation of the metal 
_ Steel making by L.D. process \i 
Steel | . 1960 3, Jdan., 19 4 1 
I tr LD oxyger 
advantages 0 
ind plant ¢ 
ject are then discuss¢ 
On the lining of the oxygen ng Ss 
Maehara and T. Kohtani (7 etsu t bree 
1959, 45, 


an eXAr 


capacity 


Sept 957-959) Details are 


ination of used brickwork, and of the 


schedule for relining K.E.J 

Study on a permanent wall type furnace with 
forced cooling. 1V. Operation of the water- 
cooled converter. 2 K. Sato, ©. Seya, and 
N. Tabata (Tetsu to Haaqane 1959, “. as 
1255-1260) Using a side-blown conve ry 
cess, low-P steel could be made with hi 
contents. The proce largely eliminates 
during refining Refractory materials 
eee must be chosen to co hat eros 
dynam of slag, metal, and 

Melting trials on converter skulls J. Sophron 
Centre Joc. Sidér. Circ., 1959, 16. 4). 847 REO 
A seri nts is which 


nose skulls are prevented or removed by the 


streams 


a of enperien des ribed in 
use of an oxygen lance 

Manufacture of mild killed basic Bessemer 
steel M. le Moyne (Centre Doc. Sidér 
1959, 16, (4), 861-891) A detailed account is 
given of the analvsis, killing tec 


and chemical 


nnique, casting 
and physical properties of thi 
killed steel made at Lorraine-Escaut. 
Engineering aspects of a modern open hearth 
steel plant J. A. Kilby and J. C. Gordon (Jron 


, 
low -( 


Journal of The Iron and Steel Institute 
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Steel, 1960, 33, May 25 (specia 
A West of Scotland ISL paper 

On the reconstruction of a 20-ton basic —— 
hearth furnace |. Hisano, H. Kat und H 
Pokuna a (Tetsu to H 1959, 45, 

942 944 K.} 

X-Ray studies on the refractories used in the 
roof of a basic open hearth furnace |. Ao and 
lr. Ovama (Tetsu to Hagane, 1959, 45, Sept 
946-048 Data ar for tohalit 
rm rix maternal, and 
different zone nu it Sr ' 

Fundamental research on combustion in 
open hearth furnaces. 11. Influence of atomised 
steam upon combustibility in open hearth 
ae Y.0 la, K. Na . K 


‘On the ante of iron Satanse in open hearth 
turnaces Tr. Ka I ‘ 


A new technique for heating open-hearth 
furnaces with cold os ane heating oil. Part | 
W. Schmit hi n, 1960, 80, April 28 
616-619 bher ’ ' f 


OH f t 


ar 


Progressive instrumentation : One key to a 
better “0 D. FE. Brox 
1960, 48, J 
mpact of instru atu t! pera 
OH furna 

On the manutacture of fine grained eustontte 
stoots in the —- ~hearth furnace r.M 

és ’ 1959, 14, 


! oduct .F 
‘On the desiliconisation of hot metal with 
oxygen wo} M Maeda I nas 
Hayashi (7 t Hage 5, 45, 
883-885) Detail ur 1 { 
C. Mn 


etal in the OH furnas 


and & ina 

‘Kinetics of decarburisation in molten steel. 
if. The rate of decarburisation in the basic open 
hearth J. Fujii / Hagane, 1959, 45, 
Oct., 1135-113 4 il rom a 100-t furnace 


burizatio 


lance MV tis iaf 4 th 
re method. i. Effect of carbon and gaseous 
oxygen in molten — on the rate of decar- 
burisation V5 248-1254 Laborator 
experi nts sh I I ‘ 
Durizvation rate 1 

Mg crucibl Wit 

in the ga 


the rate wasi 


October 1960 
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above 0°15%,; below this it fell rapidly. The 
rate was constant for increasing oxygen concn, 
above 10%, as a result of surface-film activity. 
IV. Effect of temperature, depth of molten 
steel, free surface, and rotation on the rate of 
decarburisation (Sept., 932-935) Data are 
given from a high-frequency induc tion — 
with atm. of A+ 8% or 16°,0, K.I 

Effects of various factors on the rate of de- 
sulphurisation of moiten pig iron with solid lime 
T. Yagiand Y. Ono (J'etsu to Hagane, 1959, 45, 
Nov., 1236-1241) Desulphurization hardly 
proceeds in an oxidizing atm. containing ¢ Og. 
The reaction of molten Fe-C-S in neutral or 
reducing atm. 1s initially first-order with 
respect to 5S content. The rate in town’s gas is 
thrice that in CO or 


\. Lime should be pulver- 
ized to give a large 


contact area. The rate 
increases with increasing temp. and Si con- 
tent K.E.J 

Use of oxygen lances and basic brick in open 
hearth furnace roofs H. A. Parker and P. 
Schane jun. (Blast Furn. Steel, 1960, 48, Jan., 
68-74, 78 80) Two technological improv 
ments are described that have materially con- 
tributed to increasing the 
capacity of OH furnaces, 
oxygen lane 


steel-producing 
they are: the use of 
8 suspended from the roof for 
heat time and the development of a 
basic roof construction that is economical and 
less sensitive to the wide variations in temp. 
Change of hydrogen content in the bath 
during meiting in the open-hearth furnace 
I. Myslivee (Hutn. Listy, 1959, 14, (9), 749 
753) Aceording to tests on 50-t open-hearth 
furnaces, H, loss is promoted in the melting- 
down period by the high FeO content of the 
gy the | , content rises, and in 
stages of the melt a further rise is 
d due to high bath temp. and prelimin 
ary deoxidation in the furnace, and when the 
metal was held after preliminary deoxidation 
11 refs 
Effect of basic open hearth furnace condi- 
tions on internal detects of killed steel tubes \ . 
Kitamura, A. Cho, and 8S. Tomita (7'etsu to 
Hagane, 1959, 45, Sept., 972-974) ree life is 
correlated with length of internal defects, total 
Fe, bath temp., and ladle analysis, oa length 
of defects is also correlated with total Fe 
Absorption of metal by the hearth of a steel 
furnace VV. M. Zamoruevy (Stal’, 1960, (3), 223 
225) Alloy-forming elements tend to absorb in 
the hearth and to be extracted by subsequent 
heats in magnesite is especially studied 
ising , Losses of 3-7-:6°,,W are sustained 
by absorption. The use of fine-grained magnes- 
ite to cut down hearth porosity reduces this 
international flame research on open hearth 
firing F. W suerssen (AIMME, Proc. OH 
Com if » ,» 228-247) The author re 
the v < of the International Flame Research 
Foundation at LJniuiden, drawing attention to 
the studies that are particularly relevant to 
> sx furnace operation. He 
ro nt of instruments for the measure 
ment combustion variables; studies of the 
sedintins characteristics of fuels and other 
combustion such as type and 
quantity of atomizing agent ait prehe at, 
legree of mixing, and jet 


reducing 


views 
discusses the 


variabies 


momentum: and 

to burner design.-—G.t 
—_ at Fontana H. |. Riegel 
JH Comm., 1959, 42, 219 


presented showing the 


investige 
Fuel 
(AIM A 
226 en are 
improvement in OH furnace performance at 
the Fontana Works of Kaiser Steel Corp. Since 
the war The author 


oradual 


discusses this improve 
changes which have 
in furnace design, firing 
and operation ( 

Problems involved = high poresntags hot 
metal charge R. Duffett (4/7. MME, Proc. OH 
1959, 42, 52. 3D The author presents 
two OH shops of Great 
Lakes Steel Cory mm charges ranging 


ment and describes the 


been made practice, 


( ‘omm 
data obtained in the 
from 
45 to OS hot metal, and discusses some of 
with high hot 
eneral indication is that 
es in the low sixties offer 
the most productive charg G.F. 
investigation with the aid of radioisotopes on 
the wear of refractory runner bricks and its 
effect on the —_ of structural alloy steel 
H. Treppsechuh, FE. Pachaly, K. Sauerwein, and 
R. Schroter (Sta “a Eisen, 1960, 80, June 23, 


the problems which can arise 
metal charges. The g 


hot-me 


tal percentag 


878-882) The runner system was labelled with 
the Ca isotopes and the various part of the 
runner system were 
results show that the 
refractory bricks 


studied separately. The 
wear products from the 
were almost completely 
collected in the sinkhead and that in fact no 
contamination of the steel occurred from the 
refractory bricks.—rT. 

On the corrosion of low- fiux silica roof bricks 
8. Kienow (Stahl Kisen, 1960, 80, June 23, 882 
$88) The behaviour of the roof bricks of an OH 
furnace was studied. The author found that 
after 659 charges of the furnace the bricks 
that could be divided into 
Entering of melt into the bricks 
had a densifying effect on the bricks, any iron 
oxide present was pushed towards the centre 
of the brick. Reerystallization of the bricks 
caused shrinkaye and the pitting ved is 
also attributed to the effect of recrystalliza- 
tion r.¢ , 

Uses of substitutes for pig iron L. W. Krum 
(AIMME, Proc. OH Comm., 1959, 42, 57-59 
The author summarizes replies to a question 
naire designed to 


showed a structure 
four zones. 


obser 


desirability of 
titute for pig iron 


assess the 
using carbon subs in acid 
OH practice. It is shown that substitutes are 
used by most operators for all regular grades of 
acid steel, and no major drawbacks are noted. 
Use of iron substitutes . W. Potter 
17MME, Proce. OH Comm., 1959, 42, 312 
Philadelphia 
area indicate the desirability of reducing the 
pig iron charge in cold metal OH practice to a 
minimum. The author considers the e« 

n different charges in which the iron ts 
progressively reduced and replaced largely by 
No.2 scrap, turnings, coal, and coke. Allowance 
is made for influencing faetors, such as varia 
Mn and Si contents at melt, different 
ny times, 


314 telative scrap prices in the 


OnOomMmLCSsS 


of seve 


tions il 


charg and the foaming hazard. The 


use of injected graphite to remedy soft melts is 
briefly discussed t 

High fush practice at ye rf R Conway 
12MM } OH Comm., 1959, 42, 55-56 
Pypical On charges and the charging pattern 
at Algoma Steel Corp. are given, and the prob 

din high na al gc 

ip to 8O hot metal, are outlined 

The state of development of all- basic open 
hearth furnaces in the German Democratic 
republic F. Rabes and L. Ullsperger (Neue 
Hiitte, 1960, 5, April, 218-232) A review of 
practice outside Germany is followed by an 


account of East German all-basic 


lems encounte 


» with 


practice, 
including a desk ription of an improved root, 
and details of construction above and 
platform level. HLeonomi 
sidered 

Variations in the pressure in the vertical gas 
uptakes of O.H. furnaces working with com- 
pressed air V. S. Kocho and V. I. Grankovskii 
(Izvest. VUZ Chern. Met., 1959, (6), 93-97 
Fuel consumption of large OH 
mixed gases 


aspects are 


furnaces on 
mav reach 8000-12000 t/m3/h 
and this increases the pressure the gas 
uptakes. Figures quoted in support of this fact 
give the variations of the pressure in the gas 
uptake of a 250-t furnace at the Alychevsk 
Works in relation to gas consumption. Th 
temp. of the gases also affects the pressure. Lf 
an automatic control of the consumption of 
i, regulating the heat 


is possible to select such a cross-section 


compressed air is installes 
load, it 
for the air tuyeres that the pressure in the 
uptake will only slightly exceed 
yressure. 

Distribution of the iron oxides in the height 
of the slag layer in the bath of the 500 t 0.H. 
furnace E.. V. Chelishchey (/zvest. VU Z Chern. 

let., 1959, (6), 23-30) The distribution 1s not 
uniform. The greatest concentration of ferric 
oxide is found at the 


atmospheric 


ferrous oxide, between the metal and slag. rhe 
transfer of slag volumes from the zone of one 
phase to that of the other causes the reduction 
of the higher oxides at the metal slag interface 
and the oxidation of the lower oxides at the 
boundary between slag and gas. The degree of 
the non-uniformity of the iron oxides depends 
on the degree of mixing taking place in the 
bath, which is itself conditioned by the rate of 
combustion of carbon 
Increased open hearth production with the 
= of oxygen I’. A. Thompson (/ron Steel Eng 
1960, 37, March, 121 124) Weirton’s experi 
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gas slag interface, of 


ence using O, roof lances is reviewed, and a 
description is given of the record tap-to-tap 
time of 5 h 35 min, corresponding to a steel 
production of over 100 t/h. 

Effect of qotenien cnygpe on open hearth 
production J. L. Evans (A/MME, Proc. OH 
Comm., 19% 59, 42, 268-273) O, enrichment of 
combustion air is routine practice at Wheeling 
Steel Corp. The author describes the practice 
and discusses its effect on operating variables 
such as charging time, fuel requirement, and 
production rate.—G.F. 

Oxygen NPT for decarburization ©. 8. 

Jaldwin (ALS Proc. OH Comm., 1959, 
42, 318-319) - rience in oxygen lancing in 
the OH furnaces at Standard Steel Works of 
Baldwin-Lima-Hamilton Corp. is __ briefly 
reviewed. The practice d in shorter 
heat times coupled d quality. 


has result 
with improve 
Basic open hearth checkers W. W. Bergmann 
17M ME, Proc. OH Comm., 1959, 42, 197 
199) Basic-capped checkers at Armeo Steel 
Corp. have reduced re plac ment costs, heat 
time, labour costs, and furnace downtime 
Operating data are briefly reviewed.—«G. 5 
Open hearth roof repair with fuel on \ J. 
Voss (AIMME, Proc. OH Comm., 1959, q 
188-193) Details are given of the iethod 
adopted at Inland Steel Co. for OH roof repair 
with fuel on. Use etal-cased 
basic tabs which overlap 


is made of a m 
brick provided with 
the rib brick G. 
es silica ganister in the open 
hearth J. V. Grothaus (A/ MME, Proc. OH 
Comm., 1959, 42, 179-185) Gun emplacement 
of i ade ster mixes is used at Great Lakes 
Steel Corp. for transfer ladles, hot-metal 
spouts, OH bifurcated launders, and several 
spot applications. The advantage of gunning 
compared with ramming are discussed G.F. 
Problems encountered with other sections of 
basic roof furnaces W. J — naker 
(AIMME, Proc. OH Comm., 195 » 42, 151 
158) The author stresses the need for mintmum 
repair and maintenance time and maximum 
availability of the whole furnace un o that 
the full value of basie roofs m: alized. 
He deals particularly with front and back 
walls, furnace ends, and the slag pockets and 
checke = A 
The ‘basic roof at Fairless 
Parker (47. MME, Proc. 
135-144) The author describes the experi- 
mental programme started in 1957 at Fairless 
Works of United States Stee orp. to deter- 
mine whether basic roofs could be used econ- 
omic salts with Og, injection by roof lances. The 
{ ibed and illustrated, and 


root design 1s des« 
remaining are discussed, 


Works Hi. A 
OH Comn 1959, 42, 


I 
t 


some pre »blems stil 
Operating data from five campaigns are sum- 
of low roof costs 


increased pr sduction, and less downtime 


marized, showing » benefits « " 


FOUNDRY PRACTICE 


Acid cupola melting for ductile iron H. bk. 
Henderson (Mod. Castings, 1959, 36, Nov., 
661-668) Cupola practice at the Lynchburg 
Foundry Co., Lynchburg, is described with 
reference to control of composition. Limited 
tests using a basic cupola were unsucce 
producing iron of the correct 
sulphur contents.—A.D.H. 

Basic cupola melting of ductile iron J. 7. 
Williams (.Wod. Castings, 1959, 36, Nov., 669 
670) Basic cupola practice at Gred 
Inc., is described and 
practice. —a.D.H. 

Practical tips on cupola control S. IF. Carter 
1960, 88, Feb., 88-95) The v 
a operation are considered in turn: the 
theoretical and practical effects of each are 


sstul in 
carbon and 


> Foundries 


ped a with acid 


(Foundry, ariables 


in cupol 


shown and advice is 
following are dealt 
size and ratio, air volume, charge distribution, 
bed preparation and height, and stone 
size and shape, linings, 
and dams. — and tables are 
llustrate the eff D.L.C.P. 
Cupola notary with rotating impellers M. 
Gregoraszezuk and L. Zurawski (Prz. Odlew 
1960, 10, (2), 47-53) In the article the princi- 
ples of design and work of blowers with Root 
and Jaeger ty pe rotor impe llers are 


given on their control. The 
with: coke composition, 
scrap 
slag control, tuveres, 
given to 


discussed 





Formulas for calculating the actual output of 
the blowers and the power requirement are 
derived. Features which will be of most inter- 
est to users are given and comparison of this 
type of blower with a centrifugal 
made, considering mainly the coordination 
with a cupola. 

Natural gas in the eg 7 Types of burner 
used ( f onderie, 1960, Feb., 73) The charac- 
teristics of natural gas are Pd ussed in relation 
to various types of burners used in foundries 
Possible applications of natural indi 
cated. ‘Town gas and natural gases are com- 
pared.—R.P. 

The use of methane gas for melting cast iron 
in cupolas ©. Stefanescu, . Steflea, and 8S. 
Teodoreseu Vet Masini, 1959, (8), 
671-681, The use of methane in converted 
cupolas in additional gas burners has reduced 
consumption by 7-5°, and will probably 
reduce it further up to 15°, with the improve 
ments now being tested. CH, consumption is 
at the rate of 40 m'/t of iron, repre 
reduction of 26 in the calorific ec iption 
as compared with coke-fired cupolas. It has 
reduced lime consumption by 50°, increased 
the yield from 1-5 to 2:3 t/h. Temp. at pouring 
was 1 360° (by optical pyrometer without cor- 
rection). In the iron it has reduced the carbon 
content by 2-3°,, and the S content by 1 x 2+5°% 

A new mechanized cupola charging system 
S. Komorowski (/’rz. Odlew., 1960, 

42) The article « 
cription of a me 
paration and charging system. The 
cribed was built by the Constructio 
eering Co. Ltd., a ingham 

Foundry Co. Ltd, Birming rham 

be M.B.C. Cupola and its a, M. M. 
Foulo Prz. Odlew., 1960, 10 Phe 
distinctive features of the MBC aaa are a 
pre-heated air intake and a strongly basic slag 
under reducing mditions. As a result it is 
possible to use a charge containing a large pro- 
portion of scrap steel. A very considerable 
obtained by Limiting through 
As the body of the cupola is lined 
with a carbon preparation and the shell in the 
melting is not lined with any refractory 
material, repairs are infrequent. This cupola 
can be used extensively in the foundry 

elting unit in co-ordination with a steel 
making furnace 

Prospects of new developments in the cast 
road Carnes process P. Murza-Mucha (Prz. 
Te 1960, 81, (8), 4-6) The auth 
the ‘ pach with a pre-heated air 
sidering in particular the MBG 
type of furnace is not vet used on an i 
seale in Poland. An important advantage of 
this furnace is that coke briquets made from 
ordinary coal can be used. The mn of 
these briquets in anced 
stage 

Gas firing cuts foundry costs 8. J. Michaels 
(Foundry, 1960, 88, Feb., 128-132) Results 
from a foundry which has found natural-g 
heating preferable to oil firing are descril ed. 
Gas-fired reverberatory 
melting metal for ductile 
treatment and other 
have also been converted to gas 
Although straight fuel costs are higher, 
costs are lower due 
of refractories and burners, alloying mat« 
spoilage, production time lost and labour costs 

Cupola meter (). Salter Ltd (Inst. Practice, 

1960, 14, Feb., 149) A blast meter installed on 
a 22 ewt cupola and the improvements effected 
in operation are indicated. 

Pig iron from reclaimed scrap steel Ferranti 
Ltd (Engineer, 1959, 208, Dec. 11, 786) A 3-t 
electric-arc furnace installation is briefly des- 
eribed. Croppings from transformer lamina- 
tions, other mild steel, foundry and a 
recarburizing compound are used. 

High-speed melting J. G. Winget 
Castings, 1959, 36, Sept., 44-46) The de 
ment by Roda Pump Co. of Oklahoma of a 
rapid-melting gas/oil fired furnace is described. 
The furnace has a capacity of about 600 Ib, 
works under a slightly reducing atmosphere, 
and is used for ferrous and non-ferrous work. 

Comparative study of medium- and industrial 
frequency induction furnaces for ferrous metals 


blower is 


gas are 


Constr. 


coke 


senting a 
nsul4li 


2), 37- 
illustrated ‘dink 
chanized cupola, charge pre 


msists of an 
svstem des- 
nal Engi 
, for the Mill Top 


loss 


Saving is 
oxidation. 


zone 


and asa 


yr aiscusses 
intake con 
furnace. This 
ndustrial 


producti 
Poland is in an ads 


used tor 
Heat 
applications 
heating 
total 
gs in maintenance 


furnaces are 
iron castings 


furnaces 


to savin 
rials, 


scrap, 


(Mod, 
velop 


A. R. Baffrey 
281-285) The 
are described and compared 
The medium frequency types 
are recommended for furnaces of 
capacity, and large furnace 
with cold charges. Mains 
should be used for larg 
Indirect arc electric furnace production of 
ductile iron L.. Miller ( Wod. ¢ 1959, 36, 
Nov., 653-660) The operation of a 20-t rocking 
are furnace for the production of SG iron and 
the use of a plunger ladle are described. 
Furnace power cost cut by control through 
television L. Dirrig Robertson, and R. . 
Aschenbrener (Foundry, 1960, 88, Jan., 142 
146) The power demand of a 3-t, top 
melting furnace has been considerably reduced 
and substantial hieved by 
televizing the demand meter 
readings to the furnace The scheme 
is described in detail and the justifi 
cation for the equipment discussed 
The shaking ladle —a new metallurgical aid, 
with special reference to the manufacture of 
high-grade cast iron 8. Kketorp and B, Kalling 
1959, 46, Nov. 5, 905-912) The 
gn and operation of the ladle, and several 
examples of its use in desulphi 


(Fond. Belge, 1959, 29, (11-12), 
main features of the two types 
with examples. 
500 8000 Hz) 
less than 1-5t 
3 started frequently 
frequency furnaces 
r furnaces 


wstings, 


charging 


Saving In money ac 
power company 
operators. 
conomit 


elevision 


Giesserei, 
desi 
irization, reé 
carburizing and alloying iron, and of refining 
to remove Si and V, are deseribed. 

——— of cast iron ©. K. Donoho (Mod 
Castings, 1960, 37, April, 169-171) The cart 
equivalent is explained, and various formulae 
for its calculation are presented The 
tion of hypo- and hyper-eutectic 
and malleable is then considered 

The effect of the manganese content on the 
shrinkage of grey cast iron |. Sofroni and ¢ 
Cosneanu ( Re Roumaine Met., 1959, 
145-156) {In With Mn contents 
5°, in normal grey cast iron, 
centages, the initial expansion increase 
very little, but with 7-9°,,Mn it increas 
siderably (more than twofold 
sudden shrinkage Vith higher 
appre iable increase in the 
ean be observed, but the sudden shrinkage 
occurs at smaller Mr mtents. Beginning with 
8-9°..Mn the amount of carbide inc 
siderably, resulting in 
up to 450 Hy 

On the properties of nodular cast iron 7. 
Momose and T. Izu (Jmono, 1959, 31, Aug., 
707-711) Effects of Ti and Sb are investigated. 
Neither has much inhibiting action 
but together (0-1°,,Ti 
tion fell to 40°,. 

Fundamental studies on spheroidal graphite 
cast iron. Influence of zirconium on formation 
of spheroidal graphite S. Morita, K. Kurai, and 
M. Tsuji (Tetsu to Hagane, 1959, 45, Sept., 907 
909) The forn perfectly spheroidal 
graphite is shown to depend on the relationship 
between the residual contents of Zn and Mg 

Nodular iron gears stand up to overloads and 
rough use 8. Hopper (/ron Age, 1960, 185, 
Jan. 14, 74-75) Evidence is presented which 
suggests that nodular iron gears are as good as 
steel gears from the standpoint of pitting 
scoring, and beam strength D.L.C.P. 

Hydrodynamic, fundamental and practical 
Study of finger-gate feeding systems \I 
colas, G. C. de Lara, and H. Hanf (/ 
1960, wag h, 89-110) The theory of gating and 
running is discussed in detail and related to 
sinathedh in spects (22 refs).—R.P 

New method of manufacture of flanged steel 
castings Piibyl (Giessereitechn., 1959, 5, 
Sept » 253-257) The method described is 
applied to the manufacture of three 
flanged castings, in 


solidifica 
white, grey 


irons 


Ge rman 
with small 


followec by 
P contents no 


initial « xXpansi 


an increase in hardness 


separate 


0-003°°) Sb) spheroidiza 


ation of 


Jean 
»nuderie, 


and four- 
which cooling conditions 
are so devised that one riser is sufficient. The 
method is suitable for series production, and it 
is thought possible that it could be applied to 
the manufacture 
refs). 

Capacity and output per unit area in green- 
sand machine-moulding HH. Geissler 
techn., 1959, §, Aug., 225-234) Laws governing 


of nodular iron castings (10 


(Gresseret 


the determination of capacity are 


discussed, 
methods of calculation are worked out 
with examples. Melting practice is taken into 
account in the calculations. Output per unit 
area of the t/m?) is derived 


and 


moulding shop 
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directly from the factors obtained in the deter- 
mination of capeaity. 

Thermal efficiency of drying stoves (found. 
Trade J., 1959, 107, Oct., 387-388) A deserip- 
tion of a test for stove efficiency is given, and 
then the effects of firebox capacity, control of 
combustion, and temp., stove leakage, 
chirnney draught, 
tion are considered. 

Oil heated core drying ovens Sulzer bros, 
(EFCO J., 1960, 1, Jan., 14-15) Four ovens 
with a total capacity of 160 t for dr 
bonded cores are briefly described 

Air-setting cores A. M. Shirl 
1959, §2, Nov., 502-507 
pounds used 
pro di iction 
and the savings 

Use ¥ the clay watergiass wee in steel 
casting | Dubielzig Jiessereitechn., 1959, 5, 
Sept., 258-261) This process is compared with 

moulding methods, ularly the 
normal CO, process. Its operation is describe d, 
with several examples; castings up to at least 
eaue Re cam BOs ade. Space d and sub 


and stoving cycle and insula 


ing resin- 


(Brit. Found., 
Ai r-setting 
vith a sand-slinger increas 
Examples of produced 
»Otained are giv 


com- 
d core 


astings 


other 


parti 


stantial economies are possible 
Optimum co, moulding: critical formula- 
tions of sodium silicate and sand KR. J. « 
Vod, Castings, 1959, 36, Sept., 91-114) Topics 
discusser » laboratory test methods to 
improve collapsibility by dete the best 
f 


owles 


rmining 
pinder, iumprover " ) 
additives, and 
properties 


proportion of silicate 
sand properties by the use of 
a general discussion on the and 
application of binde 34 refs 
Mould and oe inspection can cut cleaning 
room costs |. Gillespie (Foundry, 1960, 88, 
Feb., 80-83 Ss ae of cost 1 du t 
the foundry 1s deseribed; it 
care in mould and core preps 


thar 


ion 1 
was found that 
ration was 


paid for by savings in the castings 
eaning de 
Development of the technology of a chill 

mould | 1959 


pept., 


partment D.L.C.P 


Bakowskvy Giessereitechn., ° 


274 277) Five types of 
tinguished, and points to consider in_ the 
design and workmanship are onsidered an 
illustrated by examples. Technology of the 
manufacture of casings, pattors 1 no. —, in chill- 
cast iron (277-278) Various stages are given in 
the manufacture ¢ I of the 
four classes of mould des rib d in the above 
articl i.e. an oper 

First practical experiences with the chill 
mould- “casting aggregate GKF o M. Dietric - 
and J. Stengl (Giessereitechn., 1959, 5, Sept., 
262-264 D. sign and ope equip 
manufactured b the VEB concern 
Ferdinand Kunert’ and tested by VEB 
Metaliguss, Leipzig, are described. aaa 

The permanent Chamotte mould A. Bohne 
1959, 5, Sept., 278) This type 
used for re onomy where 
of a chill mould was not justified, 
d suces at Wurzen for cast- 
2000 mim long, and with external and 


315 and 235 mm re 


mould are dis 


facasingt ning OTe 


mould with a gate 


ration of the 


ment 


(Giessereitechn., 
of mould, asons of ex 
the expense 
has been use ssfully 
ing tubes 
internal dia. of 
Air-set cores for heavy general- 
and ne castings A. M. Shirley 
Trade J., 1960, 108, March 31, 387-393 


installation, oper: ation, 


and 
sandslinger are described 


example s of 
work of a and 
illustrated. 

Investment-casting experience: preformed 
refractory cores and casting behaviour of Ni 
Cr alloy N. Walker (Found. Trade J., 1960, 
108, Ay ril 7, 431-436 and corebox 


materials and production and the wax-injec 


Core 
tion process are described, 
Making a 37-ton lathe-headstock casting 
4. Ross and ¢ Warburton (Found rade ‘a 
1960, 108, March 17, 325-328) A detailed 
account, 

Primer on shell moulding J. J. Silk 
Castings, 1959, 36, Sept., 48-50, 136) 
and pattern design, and proble ms arising in the 


Mod. 


Casting 


use Of shell-moulding techniques are reviewed, 

Factors to consider in ea shell cores 
R. 5S Andrews (Fo 1960, 88, Feb., 
96-100) Characteristics of the two basic types 
of resin binders and their relationship to types 
of shell cores and coremaking machines, mix 
and casting 


undry, 


compositions, corebox 


defects are discussed 


design, 
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Shell moulding developments in the auto- * specially 


motive industry H. ©. Grant (Mod. Castings, 
1959, 36, Nov., 641 Details of shell 
moulding practice in three foundries of the 
Ford Motor Co. Michigan are described and the 
advantages of the process are summarized. 

Investment shell process offers production 
advantages RK. H. Herrmann (Foundry, 1959, 
87, Dec., 84-87) The lost-wax investment 
casting briefly described and its 
merits and advantages stressed, at the same 
time its limitations are pointed out clearly. 

Introduction of tentative hot shell deforma- 
tion test K. J. Cowles (Mod. Castings, 1959, 36, 
Sept., 51-54) A report of the A.F.S. Sand Div., 
Shell Mould and Core Committee 8-N. A new 
method is described, analysed 


652) 


process 18 


and results are 


in which heat is applied rapidly to one side of 


shell mould specimens which are loaded trans- 
versely at the same time. Information ob- 
tained has been used in developing tentative 
standard equipment and methods for con- 
trolling hot deformat'on in production. 

Surface defects on sheli-moulded castings 
J.A. Behring and R. W. Heine (Mod, Castings, 
1960, 37, Feb., 58-66) The causes, appearance, 
and cures for the orange peel defect, surface 
shrinkage, metal penetration, and carburized 
surface in castings are briefly reviewed, and 
then work carried out to determine the causes 
of the ‘shell-mould’ (or gas-pit) defect is des 
cribed. The defect was found to be a surface 
accumulation of oxides and associated gas, due 
to the oxygen in the phenol formaldehyde 
shell resin. The effects of casting conditions on 
the occurrence of the defect have been investi 
gated, and methods of minimizing the defect 
are discussed. 

Ramming, superheat and alloys (type of 
metal) effects on metal penetration G. J. 
Vingas (Mod. Casting, 1959, 36, Nov., 671-675) 
Factors influencing the penetration of metal 
into small masses of sand surrounded by a rela- 
tively large mass of molten metal are given. 
Tests showed that penetration of steel was 
unaffected by ramming density and superheat 
but that both variables affected the penetra- 
tion of cast iron.—aA.D.H. 


Shrinkage porosity in a grey iron casting 


(Foseco Found, Practice, 1959, Dee., (138), 
1—3) An account of a water pump component 
in which porosity persisted. The risers were not 
functioning properly, and composition and 
other factors are also considered. 

The influence of mould conditions on the 
soundness of castings . Longden ( Brit. Found. 
1959, 62, Nov., 477-486) Test casting studies 
are reported showing the importance of strong, 
rigid, high-thermal conductivity moulds, 
especially for grey iron. The use of high P iron 
for projectile manufacture is described. 

The influences of mould conditions on the 
soundness of castings fh. Longden (/nst. Brit. 
Found. Australian Branch, 1959, 10, 5-23) 
After a discussion of the which 
soundness of castings depend, the author des- 
eribes work on cast-iron shells, with particular 
reference to the importance of strong, rigid 
mould walls, and the use of desensers. 

An investigation into factors influencing the 
soundness of ingot-mould shrinkage K. b. L. 
Nicholas (Brit. Found., 1959, §2, Nov., 487 
494) The shrinkage of ingot-mould castings of 
4-140 t weight of low-P haematite iron was 
studied. The was insuflicient mould 
rigidity, also variable metal composition and 
high pouring temp. 


factors on 


cause 


FORGING, STAMPING, DRAWING, 
AND PRESSING 


Simplified anti-vibration hammer founda- 
tions W Eastwood (Engineer, 1960, 209, 
May 27, 910-911) A letter in reply to criticism 
of an earlier article 

Development and present position in the 
finishing of steel shaped parts by cold forging 
H. D. Feldmann (Draht, 1959, 10, Aug., 397 
398) Examples of parts made by cold extrusion 
and the range of application of the process are 
given. 

Mechanized handling of billets for crankshaft 
forgings H. Chase (Machinery, 1960, 96, Feb. 3 
242-244) A description is given of 


, 


plant 


designed for mechanical handling 
including billet production, stacking transfer 
heating, and subsequent progressing through 
forging operations in the forging plant of the 
Oldsmobile Division, Lansing, Mich., USA. 

BISRA demonstrate programmed forging 
operation (Process Control Autom., 1960, 7, 
April, 170) A brief description of completely 
automatic programmed forging of steel at 
BISKA’s experimental forge at Sheftield is 
given. Forging was carried out by a precision 
controlled 200-t press interlocked with a fast 
remote controlled experimental manipulator 
capable of longitudinal rotational and lifting 
movements. Electric controls had been devel- 
oped for both press and manipulator. The forg 
Ing schedule 
the changes in 
laboratory. 

Nickel process makes patterns without costly 
machining (/ron Age, 1960, 185, April 7, 89-92) 
A new process which employs nickel carbonyl 
for making dies is described. A mould of the 
die-shape is heated in a depositing chamber 
and nickel carbonyl gas is passed over it; 
nickel is allowed to build up on the mould to 
the required thickness. A mould costs about 
the same as the machined type but advantages 
are obtained from speed of production; resist- 
high thermal shock 
resistance; non-binding surface; 
of repair; ease of making intricate shapes. Dies 
are suitable for forming, rte 
patterns, and core boxes.-—-D. L.c.P. 

The sizing of stampings and drop forgings R. 
Meier (V DIZ, 1960, 102, May 21, 614) An 
abstract of a paper ‘the economic application 
of cold working in production practice’ 
(VDI Berichte, 1959, 39), dealing with factors 
influencing surface ‘quality and dimensional 
stability. 

Classification and systematization of sheet 
metal press-forming process K. Yoshida (Sci. 
Papers Inst. phys. Chem. Res., 1959, 53, Sept., 
125-187) [In English] Forming processes on 
sheet, using a metal flat-faced die are discussed 
theoretically, classified, and methods of testing 
for ‘press formability’ are reviewed (49 refs). 

The deformation of metals by the use of 
explosives E. ©. Genzsch (Machinenewelt u. 
Elektrotechn., 1960, 15, June, 225-228) The 
forming of metals by the use of explosives and 
riveting by explosive rivets are briefly ex- 
plained. Explosives are also used for the sur- 
face hardening of steel.—’.G 

Navy expert outlines ABCs of explosive 
metalworking J. S. Pearson (Steel, 1960, 146, 
March 21, 140-143) This article describes the 
fundamentals of shaping and joining metals by 
explosives, the type of operations that are 
possible, and the influence of the 
charges on the materials being 

Deep drawing in France G. 
(Europdischer Maschinen Markt., 
(1), 12e-2le) A review. 

Determination of yield in rod and pipe draw- 
ing H. Orzechowski (Rudy i Metale, 1960, 5, 
(3), 105-107) The author gives equations for 
the theoretical and actual vields. The largest 
amount of waste in the process of drawing 
pipes and rods is due to discarded sharpened 
ends. Consequently modern drawing equip- 
ment, giving partly finished products in 
lengths of about 40 m or equipment using wind- 
ing drums giving even longer lengths, gives the 
highest yield. 

The drawing of carbon steel wire at high 
speeds W. Holloway jun. (Draht., 1959, 10, 
Aug., 394-396) A description is given of work 
earried out by Speedwell Wire Co, Ltd, and 
Barron and Crowther Ltd to establish the best 
conditions for the manufacture of high C wire 
at high drawing speeds. The steel was 0-7°.C, 
and the finished wire was from 0-25-1- 
dia 

The magnitude and direction of axial forces 
acting on the workpiece in the cold reducing of 
tubes Yu. F. Shevakin (*Stal’, Rolling and 
Tube Manufacture Supplement, 1958, 295-313) 
Equipment designed to measure the magnitude 
of the axial forces and results obtained are 
described. Roll pressure, axial force on the work 
piece, time and travel were recorded on film 
using an oscilloscope, and forces acting in the 
roll-workpiece system during rolling are 
calculated. 
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was calculated from a theory of 


Deformations and stresses during ee 
R. Levi (Ing. Mecc., 1960, 9, May, 17-24) In 
the first part of this paper an attempt at 
classifying deep-drawing operations is made. 
In the second part deformations and stresses in 
the various types of deep drawing are studied 
including cylindrical, non-cylindrical, and 
more comple *x ope rations. 

Quality, production rhythm, and safety in the 
deep drawing industries J. Dupas (Wet. Const. 
Méc., 1960, 92, April, 277-281) A description 
of the principles, operating diagrams, and 
specimens of automatic feed distributors, 
electro-pneumatic, and pneumatic machines 
ensuring automatic passage of material and 
parte from one operation to another.—s.H.-s. 

Presses in the Federal German Republic for 
— tubes of less than 150 mm diameter 

lselikov (Stal’, 1960, (5), 449-455) An 
account of a visit with ae sc riptior s of extru- 
sion plant for 25-30 mm dia. tube 
equipment for 17-19 mm tubes and cold 
rolling machines for 14-64 in. steel tubes. 
Drives are also described and recommenda- 
tions for Soviet mills are made 

Lone Star Steel Co.’s new stretch reducing 
mill LL. Eller (Jron Steel Eng., 1960, 37, March 
78-85) Layout and operating details of this 
plant are given, which permits the fabric 


welding 


ation 
of tubing, and smaller size easing and line pipe 
from electric welded tube. Extreme flexibility 
of operation and increased output have 
obtained. 

The Bohumin Steel and = Works —15 
_— of — brag F. Palisek (Hutnih 

1960, 10, , 52 The development o 
duction ste saednsths itv in the wire 
associated 


been 


t | ro- 
works and 
enterprises in post-war years 1s 
Productivity in the manufacture of 
wire and wire rope has approximately trebled, 
and output has increased about 12 

Tension in wire engineering bi. J. Saxl 
(Wire Wire Prod., 1959, 34, Dec., 1611-1622, 
1664-1672) A comprehensive survey of the 
meaning and practical implications of wire 
tension is presented. A better understanding is 
required for a modern appreciation of such 
subjects as wire drawing and coil winding. 
Methods of measuring tension and mechan 
isms to compensate for 
including a new electric 
described. D.L.C.F 

Design and economic layout of wire twisting 
plant H. W. Aengeneyndt (Draht, 1959, 10 
Aug., 339-345) The production of high 
strength twisted wire for concrete reinforce- 
ment and the equipment used are described. 

Definitions and simplified methods of calcula- 
tion for wire manufacture A. Mohrnheim 
(Draht, 1959, 10, Aug., 345-348) Defir 
for wire processing are given, and 
mathematical relationships derived 
al method of solving wire drawing problems 
using slide rules is illustrated by example 

Method of coongenen small irregularities in 
bent wire bodies Ff. Manna (Draht, 1959, 10, 
Aug., 348-352) By means of measurements on 
the elliptical track formed by vibrating one 
end of a spring steel wire while the other end 
was gripped, it was possible to identify and fix 
the principal planes of bending in individual 
cuttings of the wire 

The manutacture of precision —_ drawn 
shaped wire J. Rigby (Wire Wire Pr: 1960, 
35, Jan., 47-53, 125) Tvpes of caged wire are 
described and the method of manufacture 
outlined. The making of dies and methods of 
machining carbide are considered. —p.L.c.P 

The modern development of the wire rope D. 
van de Moortel (Draht, 1959, 10, Aug., 353- 
357) The construction and operation of a 
special type of fatigue testing machine for wire 
rope testing is described, and the results 
obtained on various rope lays are discussed 

The drawing of high carbon steel wire at high 
speed W. Holloway jun. (Wire Wire Prod., 
1960, 35, Feb., 199-200, 242) The technique of 
ot high-carbon steel wire at speeds up to 

3500 ft/min. is deseribed.—p..L.c.P. 

Increased strength of steel ropes V. P. 
Emel’yanov (Metallurg., 1959, (12), 32-33) 
Suggestions made at ‘Zaporoshstal’’ 
prove the product are listed, the chief of which 
is that care should be taken to give a uniform 
tension to the strands and twists. 


discussed. 


times 


tension variations, 
tension control, are 


utions 
simple 


\ practic- 


to im- 





Steel ropes—an example of effective scien- 
tific and technical co- oe Z. Steininger 
(Prz. Techn., 1960, 81, (15), 17) The author 
gives the title of papers suemnated to a confer- 
of representatives from Hungary, East 
Germany, Rumania, USSR, and Czecho- 
slovakia dealing with the possibilities of 
increasing the life of steel ropes. Each country 
certain dire and a tree 
exchange of results enables full use to be 
of the experience of other countries 

Extrusion of metals S. de Filippi (/ng. Mece., 
1960, 9, Feb., 63-68) The article outlines the 
application of the mathematical theory of 
plasticity as the Sachs formula does not take 
the internal deformation account 
An experimental method is described by which 
all the deformations can b« 
required quantities are 
deformations by 
plasticity. 

The extrusion of steel to tubes and sections 
E. K. L. Haffner and R. M. L. Elkan (Neue 
Hiitte, 1960, 5, May, 266-278) The range of 
application of extrusion to steel is compared 
with rolling = 
the manufacture of 
austenitic, ferrite and high-alloy steels are 
shown; a comparis 
details of plant design are given, and problems 
connected with the construction of m 
presses and the us¢ lubricant are 


discussed 


ence 


specializes in etions 


made 


work into 
evaluated and the 
obtained from the 
applying the theory of 


and its 
tubes 


advantages tn 
and profites in 
n of costs is given. Some 
smdern 


of glass 


ROLLING MILL PRACTICE 


Steel research center revamps rolling mills 
(Steel, 1960, 146, March 14, 102) Refinements 
to the equipment in the rolling mill labora 
tories of US Steel Corp. are deseribhed 

Determining the contact surface by caiculat- 
ing the elastic compression of the rolls A. A 
Dinnik (Izvest. VI Met., 1959, (10), 
71-78) The important effect of the size of the 
are of contact and of the angl nite on the 
magnitude of elastic rolls 
has been experimentally dernonstrated and a 
method of determining the increment of the 
angle of bite because of the elastic compres- 
sion, under the actual conditions of rolling of 
the steel and chilled cast 
either by calculation or graphically. 

Investigating the pressure conditions in the 
continuous +o section mill V. N. Vydrin, 
M. E. Boiko, P. Amosovy, and 8, I. Moshkin 
(Jzvest. VUZ ¢ — Met., 1959, (6), 37-42) A 
new method is proposed for calculating the 
pressures for the continuous rollir which 
» shaped strips and is there 
universal application. The nece 
ent has been evolved and tested under 
conditions of production. The relation between 
pressure and rate 
character. 

Automatic measurement of the rolling force 
as a basis for an efficient schedule of reduction 
M. A. Zaikov, V. S. Tseluikov, V. M. Per 
myakov, and G. G. Tereshin (Jzvest. VUZ 
Chern. Met., 1959, (6), 53-62) Work extending 
over a considerable period at the Kuznetsk 
Metallurgical Combine has resulted in the 
design of a reliable instrument for automatic 
ally recording the rolling force. A description 
of the tensometer is given, 
determining the rolling « 
types of steels. 

Simulation of the dynamics of sheet rolling on 
a continuous mill S. N. Kozhevnikov and A. P 
Pukh (/zvest. VU Z Chern. Met., 1959, (6), 133 
144) Theoretical consideration of the work of 
two adjoining stands of a continuous rolling 
mill compared with experimental data obtain- 
ed on an electronic model at the TsNITTMASh 
have shown that the calculated data are suffi 
ciently near to the dynamics of the 
The method of re producing the 
may be used for the laboratory investigation of 
various control systems for the 
cold-rolling of sheet 

Geometrical considerations in oblique rolling 
P. K. Teterin (*Stal’, Rolling and Tube Manu- 
facture Supplement, 1959, 243-258) Solutions 
are derived which are applicable to conical, 
barrel shap ed, or dise rolls. 

The hardening curve in the hot rolling of 
steel M. A. Zaikov, Ya. V. Shamets, and V. N 


Z Chern 


ft 
of 


compression of the 


iron rolls in given, 


does not require loor 
fore of 


equipn 


ssary 


of rolling is of a linear 


also examples for 


onditions for fferent 


process, 


actual process 


continuous 


Peretvat’ko (Jzvest. VUZ Chern Vet.. 
9), 73-82) Present-day calculation of 
forces take into acc 
of the 
deformation and the « 
the metal. The deformation 
craig any yr ensatgaletry 

but it does not determine 
ing during the deformation. Exp 
described on a labor 
with a bear box allowing a chanwe 
speed from 0-2 to 6-1 m/sec 


1959, 
rolling 
and the 
rolling forces ré the rate 


hemical compositior 


-ount only tery 


scheme 


ot forces, 


atory roiling 


. and equat 
evolved for plotting a hardening cur 

hot rolling operatior The metal ter 
only a weak influence on the 


neglected at 


factors 
gated and may be i first appro 
mation 

Hot rolling of steel C L with heavy reduc- 
tions Z W usatowski, Gorecki, and E 
Judyveki (Neue Hiitt 5, May, 257-266) 
Following early trials wi mild ar Bera 
Hiitten, Monatsh, 
three sets of 
steel, 
results are reported and 

Roll design for —— and sizing —_ 
A. P. Chekmarev and G ,. 
Rolling and Tube M hat Pa 
1958, 276-294) In rollir 
without the use of a man 
found that 
for the passes of 
Calculations for the pass « ig » developed, 
and applied to the rolling of plain carbon, low 
allov, and stainle 1 tut 

The production of iron rolls for rolling mills. I 
D. Magri (Fond. Ital., 1960, 9, (2), 49-58) This 
first article summarizes the processes by whic 
iron mill rolls are ifactured. Thei 
chara detined and the tellers 
‘al element 


1Q5R, 136 
trials wer 
with rec 


luctions 50-90 


analysed 


Gulvyaev (* l 


al uth ors have 


an oval is the ost suitable shape 


sizing am ducing mills, 


ss ater 


mant 
teristics are 
the various chemi 
The aim an account of 
able problems involved in their 
Part 18 (3), (95-108) A 


given of the 


18 to give 
manufacture 
detailed description is 
characteristics and manufacture 
of semi-hard ro There are 
classifving the various types of rolls, 
chemical 
values of test pieces 

Rolls for rolling mills. Part | K. A. Vill 
nueva (Ing. e Indust., 1958, Nov.-Deec., 78-84) 
Materials used in the of the rolls 
are enumerated, and a general description of 
the composition and structure of 
rolls, with and without allo 
given. Part 3 (1959, March, 87-89) In this part 
the constituent elements in Fe, divided into 
common’ (C, Si, Mn, S, P) and ‘alloy’ (Ni, Cr, 
Mo, V, Cu, Zn, Al, Ti, Co, Te, B) are di 
in relation to their effect on iron properties 
Part 4 (April, 88 94) A brie reference is made 
to oxidation various elements in 
melting, and this is followed by a discussion of 
the effects of « and of 
the method of testing for depth of chill. Then a 
description is given of the ould for the 
facture of chill rolls, and various 
manufacture are enumerated and discussed. 
Part 5 (Sept., 131-134) The dis« 
manufacturing defects is continued, and is 
followed by a description of typi 
tions of unalloved, Mo and Ni cast iron rolls, 
and their heat treatment. Part 6 (1960, 27, 
April, 90-93) The effects of allov additions on 
chill roll structure are outlined, nd the 
applications of these rolls, classified as plain 
C, Mo-containing, and N 
reviewed 

Increasing the life of stee! rolls of Pilger type 
tube mills ©. Pejéoch (Hutnik, 1960, 10, 
65-68) Experience with repairs to rolls by 
automatic welding, obtained in the Klement 
Gottwald Steelworks, ethod 
is shown to facilitate expenditure on 
rolls by 48° P.F. 

Grooving ‘the rolls of pilger mills to ensure 
maximum productivity ©. A. Plyatskovskii and 
A. A. Chernvavaskii (Jzvest. VU'Z Chern. Met., 
1959, (10), 49-56) A method is suggested for 
calculating one of the principal parameters by 
taking into consideration the characteristics of 
the feeding unit. The resulting 
ensures increased productivity and an im 
provement in the quality of the rolled tubes. 

Carbide ups roller guide life International 
Nickel Co. (Iron Age, 1960, 185, Feb. 11, 158) 
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The ad irbides for 
ponents of roller gu in a ¥ in 
stand lescribed The 

made ¢ Kentani TiC alloy 
ins from ‘Kennametal’ W¢ 
ated steel be 


20) times; m 


antages using com 
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wire 
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bearing 
Advantages 
arings include life 
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fuct quality 
not required and s« 
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capacit ineret ( ro 
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Fire erecting tn rolling mill rolls N. Kk. Arant 
Tron Ste Enq., 1959, 100-107 
Theories of fire 


cracking e ¢ scribed and 


with refe literature 


assessed 


18 refs 


Determination of an economic stock of milli 
work rolis G. D. Feigin (Stal’, 1960, (4), 342 
S45 An operational researcl 
optim 


ur stock of spares tor a 


npoemamntcs. vn also 


minimum ¢ 


nsure apeeien 

msumption 1s pre 
Maintenance of mill oil bearings ( \. Bailey 

and A. C. Cooper (Iron Steel Eng., 1959, 36, 

Nov 65-84) Design features, mainte 

and lubrication of these bes 

peat espe yt arti le be 


nance, 


ro agrams 
i id four-high ea " 
Spray lubrication of roll necks A. A 
Steel Eng., 1960 37, | 


asi (Jror 


10g ‘ santhn aif wie’ nee in this me 


iits ad 
s achieved, shop 
and 
dressing ere or e diminished, mail linir 
delays re« 
tion o 
Report of the enquiry on blooming and slab- 
bing mills, May Sept. 1957. Part 2 layout of 
passes, vouing presedure, roll knurling and 
Spraying ‘ Roger e Do Cire 
1959, (4), 927-950 Pr wctices at a number of 
works are tabulated in detail, and 
and compared criticalls 
gy) of failures ina Mooming mill 
] Stacey (. 1960, 196, t 195-207 


antag 


finishing, 
i” 
and consumy 


f lubricant is less 


discussed 
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From ingot to ingot in fifteen days — replacing 

a 27 in. universal slabbing mill with a 38 « 66- 
in. slabbing mill « the came site D. H. Samson 
Iron Steel Eng., 1959, 36, Oct., 102-112) The 

planning and preliminary work of replacing an 
old two-high mill by a modern two-high 
Dom 


slabbing mill at the 
Hamilton, 
shutdown 


reversing 
Foundries 


inton 
sand Steel Ltd Ontario, 
plete that only a 15-day 
was required. Details of the work are given 
Ingenious construction minimizes production 
delays H. Elisberg (Jron Steel Eng., 1959, 36, 
Oct., 154, 15 tural 
alterations ied out in such Vv as to} QD 


were 80 Cor 


struc 


a rollu 7 n operatior vhile replacing a 
two-stan stand 
mill 

Problems of the complex automation of a 
blooming mill Z. Wasow: Hutnik, 1960, 27, 
(2), 47-55 The author ‘ 


measurin 


SO-in, SIX 


g those parameters in ¢ 
the introduction of eleectro-m 
arts of the 


rolling 


of particular ps 
in the 
is accomplished by incret 
lecreasing the period of 
and the 


operators’ re 


time proce 

time 

nating the human 
action time and reducing the 
rollers. The 


operation next, elimi 
time 
necessary to reset the 
between the time necessary to reverse the ingot 
and the time necessary to reset the rollers 
makes automatization imperative. At 
the verv least the main drive, convey 
and roller resetting drives 
matically controlled 

Automatic blooming mill screwdown control 
systems ©. Roger (Centre Doc. Sidér. Circ., 
1959, 16, (4), 903-925) A detailed description 
of various systems applic i in Great Britain, 
USA, and USSR 

Rational finishing passes of a 300 mm mill 
for rounds of 14-32 mm diameter N i. — 
shenkov (Stal’, 1960, (3), 253-25 Redesign 
eliminating the bevel —_ imprint previc ae 
encountered is outline 

Two-stand rolling of concrete reinforcement 
bar with the use of reveaters A. F. Minaef, 
4. A. Nefedov, N. V. Telushkin, N. 8. Ter- 


relationship 


almost 
or drives, 


should be auto- 
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minosyan, A. I. Kurilov, L. N. 
M. M. Polyakov, and I. A 
1960, (3), 234-243) An account of the recon- 
struction of the 280 mm mill at the Enakievo 
Works and of the de velopment and planning 
of the equipment and controls. Considerable 
savings are claimed and savings of labour. 

The rolling of round wire into flats and rec- 

tangles A. F. Sperduti (Wire Wire Prod., 1959, 
34, Oct., 1300-1305, 1409-1411) Factors 
governing the selection of the mill, the elec- 
trical drive, and mill accessory are discussed 
with illustrations of examples. 
bay fully continuous rod mill and its opera- 
tion T. Ogura and oshiyagawa (T'etsu to 
+ iid 1959, 45, Sept., 978-979).—K.E. J. 
_ Rheinhausen wire rod mill a modern con- 
tinuous single-purpose plant W. Schulz (Wire, 
1959, (42), Aug., 94-101) Layout and operation 
of the billet reheating furnace, roughing, inter- 
mediate, and finishing trains, coiling and 
auxiliary equipment, and drives and control 
mechanism are described 

Controls on flat-wire mill insure fast versa- 
tile output H. © ge ruer and R. K. 
(Iron Age, 1960, 185, Jan. 21, 
account is given of the 
new unit at GEC, 

Economic rolled profiles J. Smolik 
Listy, 1959, 14, (12), 1049-1060) 
ences of Soviet production and projects of 
development of beams and 
designs and li 


Skachkov, 
- Lipovetskii (Stal’, 


Larson 
88-89) A general 
method of control of a 


Hutn. 


Some experi 


sections of new 
ghter weight are discussed with 
particular reference to possibilities of improved 
desigt girders 
industry. The 
sections in 
and their respective 
are evaluated. —Pp.¥ 

7 Quality —— in an alloy —_ bar mill 
’. P. Davis (Wire Wire Prod., 1959, 34, Oct.. 
an 1292, 1393 1394) The quality control 
system at the bar mill of Allegheny Ludlum 
Steel Corp., Watervliet, NY, is described. 

Contour rolling (Met. Prog., 1959, 76, Oct., 
125-127) A scope and 


advantages applications 


is Of weight-saving 
for Czechoslovak 
comparable 
considered 
indices’ 


and sections 
design of 
various countries 1s 


economic 


general outline of the 
of the process, 
ry enumerated. 


A more accurate method of calculating roll 


some 
being 


pass designs for angle irons B. P. Bakhtinov 
(Stal’, 1960, (4), 330-333) Applications to a 
new Russian specification for rolled products 
are described. 

A research on the change of mechanical 
properties in the rolling of heavy rails Chang 
Tso-mei, Gau Tze-ming, and Lei Ming-foo 
(Acta Met. Sin., 1959. Sept., 4, 222-234) In 
trapezoidal passes, changes in the height and 
angle of the cutting-in wedge have little effect 
on the properties of the foot of the rail; hence 
wedges with small height and large angle are 
best. The use of two or four such passes can be 
chosen on production grounds. To g 
properties, when the cooling rate 
rolling temp duction, and rolling speed can 
he increased to reduce the 
used (11 refis) K.B.2, 

~ The modern technology of rolling heavy rails 
R. Miculeseu (Met. Constr. Masini, 1959, (11), 
934-939) A general description of the rolling 
process of heavy rails which consists usually in 
9-11 passes of which 2-4 are 
intermediate, and 3-5 
arrangement of 5 


is hi 


number of passes 


preliminary, 2-4 
final passes. The 
g#TOOVING 18 given. 

Modern technology of rolling heavy rails 
R. Miculeseu (Met. Constr. Masini, 1959, (12). 
1033-1037) made regarding 
cooling heat treatment, 
design and construction of new 


Suggestions are 
after rolling 
regarding the 
rolling mills 
The economics of a continuous light-section 
rolling mill W. A. Antoni and E. Schneider 
(Stahl Eisen, 1960, 80, May 12, 641-652) The 
economic princip les of operation of a contimu 
ous light-section rolling mill are 
Based on such considerations a continuous 
rolling mill for light sections was built at 
Hoesch-Westfalenhitte, Dortmund, and its 
operation and the difticulties involved in its 
economic under pre vailing German 
discussed. The 
quantities ordered by the customers are 
too small for really ‘continuous’, i.e. round-the 
clock, and downtimes are still too 
long. It is suggested that higher rebates for 


also 


( onsidered., 


etliciency 


conditions are individual 


still 


operation, 
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larger orders than have hitherto been custom- 
ary should be offered.—rt.a. 

* study of the sheet mill fabrication of metal 

V. Emel’yanov and A. M. Meleshko (Stal’, 
con (4), 350-353) Calculations on discard and 
rolling losses are given, and these are related to 
sheet size and thickness. Minimum coefticients 
are arrived at making possible more economical 
operation. 

5 universal finishing ovale for rolling 
discs M. L. Mirenskii (Izvest. VU Z Chern. Met., 
1959, ie , 63-70) The dimensions of the 
finishing oval groove must be calculated on the 
basis of the maximum productive power of the 
given mill. The shape of the oval is determined 
‘trically. The box-like shape ensuring a 
more intensive deformation and a cleaner 
of the oval strip is preferred. The uni- 
versality of the finished oval groove depends on 
the minimum diameter of the disc. The maxi- 
mum dia. is determined by the admissible 
minimum deformation in height of the 
strip in the round groove. 


The accuracy of the rolled material and the 
rigidity of the stands A. P. Chekmarey and 
G. G. Pobegailo (Jzvest. VUZ Chern. Met., 
1959, (8), 69-74) The improvement in the 
accuracy of rolling goes together with the im 
provement in the technology of rolling and 
with the improvement in the construction of 
the rolling mill stands. The stands for the 
finishing mill must have a minimum elastic 
deformation, in any case not exceeding the 
order of tolerance for the rolled material. 

Backup rolls and their contribution to gage 
variation I. G. Lindsey (Jron Steel Eng., 1960, 
37, March, 91-98) Improve 
applving scientific 
quality, 
centricity, 


geome 


surface 


oval 


ment obtained by 
and 
improving roll con- 


control to roll shape 
particularly by 
is discussed, 

An efficient arrangement for a blooming mill 
L. V. Andreyuk (Metallurg, 1959, (12), 24-28 
At the Magnitogorsk Combine 
earried out at two blooming 
last five years on improving the layout and 
equipment. Production has meanwhile increas 
ed by 20°, at mill No.2 and by 42°, at mill 
No.3. The scheme for the installation of the 
equipment is briefly explained with diagrams. 

Efficient method of rolling ingots on the 
breakdown stand M. I. Kapustina, I. D 
Kuzema, B. 8. Kirillov, V. D. Danilov, and 
A. M. Savehenko (Jzvest. VUZ Chern. Met., 
1959, (9), 95-100) An efficient method is des 
eribed of roughing on the one-stand two-roll 
reversing 830 mill working 5/600 « 160/220 mm 
slabs to 400 150 mm and to 140 to 205 mm 
square blanks with driven rollers of 
50 KIN steel. 

The need for continuous improvement in the 
quality of steels and rolled sections }). Traian 
(Met. si Constr, Masini, 1959, (11), 374-376)A 
general consideration of the shortcomings and 
some suggestions as applicable to the 
tions of production. 

Manufacturing costs of the rolling of high- 
grade steel rod as a result of throughput and 
quantity G. Ibach (Stahl Eisen, 1960, 80, 
May 26, 744-751) The internal accountancy 
research was conducted on a new and an old 
rod mill in which a number of grad s of steels 
were rolled. It was found that the dimensions 
and the type of steel are the two main factors 
in the manufacturing costs, the latter 
dominant. For some of the steels, dimensions 
and were determined that are 
required for an economic operation of the 7% 

Roller entry guides for rolling rounds N. 
Gritsuk and V. P. Polushkin (Stal’, 1960, 4 
338-342) The doak gns and advantages of the 
guides are set out. Materials for their construc- 
tion and wear life are indicated. 

Grooving for an equal sided stee! —— - 
large reduction |). I. Starchenko (/z vi 
Chern. Met., 1959, (9), 83-94) Cale autions are 
given for roughing, intermediate, and final 
grooving of these and examples of 
rolling angle 40 x 40 x 4-5 mm in three passes 
from 30 30 mm blanks using the diagonal 
method with reduction ratios of 1-695, 1-936, 
and 1-278 are added. 

Electronic control of rolling mill operation 
M. Cliques (Tech. Mod., 1960, 52, April, 197 
199) A description is given of the operation of 


work has been 
mills during the 


steam 


condi 


being 


quantities 


sections, 
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electronic equipment and its application to the 
selection of sheets on the shearing line. 

Giant plate rolis for G.E.C. ( Weld. Met. Fabr., 

1960, 28, March, 103-105) The new three-roll 
cold plate bending machine recently installed 
at the Fraser and Chalmers Engineering Works 
Erith, is illustrated and briefly described. 

A modern high speed tandem cold reduction 
tinplate mill N. W. Hocking jun. and A. 
Kenyon (Iron Steel Eng., 9160, 37, March, 1L11- 
120) The main features of this type of mill are 
described, and the problems connected in 
fitting such a mill into existing buildings are 
discussed. rhe need for 
control is emphasized, and results 
obtained with gauge control are described and 
illustrated by strip thickness charts. 

A fresh approach to automatic gage control on 
rolling mills (Jron Steel Eng., 1960, 37, Mar 
125-132) Work earried out by the he et 
mechanisms department of Allegheny Ludlum 
Steel which reduction 
nts based on strip elongation mea- 
surements and automatic logic control with a 
computer are used as a basis for gauge control. 

Gauge thin strip accurately J. A (Iron 
Age, 1960, 185, Feb. 18, 120-121) A system of 
measuring the thickness of steel il to 
millionths of an inch is deseribed. hich 
f the samp - is compared with 
length of a Kr lig source.—-D.L.C.P 

Modern data aan system etaseities tin- 
plate coils Jones and Laughlin Steel Corp. 
(Iron Age, 1960, 185, March 17, 112-113) Th 
use cf an Automatic Inspection Data Accu 

AIDA) for recording the quality of 
coils as they are produced, is des 
Information instruments and 
visual inspection is fed continucusly to the 
AIDA and recorded on punched cards. Data on 
the following is recorded: strip thickness, pin- 
holes, coating thickness, ke ngth, weight. A 
record of the quality of large 
available D.L.C.P. 


A comparison of pneumatic and hydraulic 
braking devices for Pilger mill feed mechanisms 
V.S. Artvukh (*Stal’, Rolling and Tube Manu- 
facture Supplement, 1958, 338-351) A mathe- 
matical analysis of the two types of mechan- 
ism shows that hydraulic braking has several 
advantages over air braking, including greater 
efficiency. 

Metal pressure on components of an electric 
resistance-weld tube mill Yu. A. Mednikov and 
G. Ya. Gun (Stal’, 1960, (5), 445-449) Pressures 
between metal and rolls and metal 
trodes in the weld 
ealculations were 
conditions and the 
ponents 


The influence of roll calibration in draw 
rolling on the mode of plastic deformation and 
on the reject = in tube production O. Pejéoch 
(Hutn. Listy, 1960, 15, ( 157-166) Longitud- 
inal faults and cracks on ‘the tube surfaces were 
found to originate at 
induced by hi 
These shear stresses can be 
fving the cone angles of the 
cone. P.¥ 

Faults occurring in the production of seam- 
less tubes ©. Pejéoch (Hurnik, 1960, 10, (1), 
13-20) A detailed survey is made of the nature 
of defects, and their origins and prevention are 
discussed. Illustrations are taken from the 
author’s researches on the problem, carried 
out in the Ostrava Steelworks. The main cause 
of defects is heterogeneities in the steel.—-P.F. 


The chemical composition of steels used in 
making piercing tools in tube rolling and the 
possibilities of heat-treating it RK. Sejnoha 
(Hutnik, 1960, 10, (1), 5-9) The mandrels are 
of ledeburitie steel containing 2°,C, 20°,Cr, 
15°, Ni, 0-5°,W, and 0-2°,V. They are used 
without heat treatment. It is shown that the 
life of mandrels can be substantially iner 
by tempering for at least 2 h at 800 

Sheet and plate making machinery (\/¢¢ 
Contr. Méc., 1960, 92, April, 221-229) The 
range of sheet and platemaking machinery 
comprises cutting, bending, straightening, and 
folding machines. The products of the principal 
manufacturer in each group are described and 
illustrated by examples of modern equipment, 


automatic gauge 


some 


Corp. is described in 


measureme 


2 
»UzZA 


ness « 


mulator 
tinplate 


eribed, from 


coils ts thus 


and elee- 
pass were measured and 
made to derive optimum 


best designs for weld com- 


inclusions, and to be 
rolling. 
reduced by modi 
rolls and piercing 


gh shear stresses during 


eased 





MACHINERY AND SERVICES FOR 
IRON AND STEEL PLANT 


The water gpm! of an peg iron and 
steel works E. Knecht (Stahl Eisen, 1960, 80, 
May 26, 751-756) The conversion of the water 
economy of an integrated iron and steel works 
to re-use of the water is described and the 
advantages —inc sel substantial 
effected by the drastic reduction in | 
water are pointer rpomrty r.¢ 

System stacks steel quickly \ rth-Western 
Steel and Wire Co. ({ 1960 185, 
Jan. 28, 99) An account of an automatic 
handling system for 
mill to loading bays 

Benson boiler at steelworks 
1060, 137, June 16, 961-963) Tl 
tired with blast-furnace gas is 
illustrated. 

Automatic control at Margam marshalling 
— Engineer, 1960, 209, April 22, 679-680 

A general illustrated ac« 

Electric overhead bridge cranes for steel- 
works 3S. Bellon Fond, Ital 1960, 9, (2), 
59-64) The maintenan¢ of vans of lifting 
and transporting, particularly electric bridge 
cranes, is a very serious problem tee 
and steel foundries. To reduce ite 
costs and above all to reduce 
stoppages cial planning method ist 
adopted for these inst 
describes the erite 


savings 


irchased 


movement from rolling 
Elect. Times, 
installation 


iesceribed and 


ount 


lworks 


allation arti 
ria used and haracter 
ssary for the 
Steelworks cranes from the work study point 
of view K.-H. Prolingheuer (*Férdern and 
Heben, 1958, (8), Fet S61) Ad 
crane cab design with the object of alleviating 


istics neces se cran 


ussion of 


the work of the driver ’ornts discussed are 
design to ve an uninterrupted and « 
working area to ive a 
position, and to er abl 
i ols to be operated ea nd ration 
ally 
EOT crane runway rail installations WW. JJ 
Tu nnv (fron Steel Eng., 1960, 37, March, 
72) Factors involved in poor crane ra 
formance are examined nd ret 
These include rail and 
ind metho 


posed 
design, is of installing : 
rails 
a bridge drive and wheel combinations 
! ron Steel Eng... 1960, 37, meg 
a tie rie iew of ) 


eneral use, with a dis 


Various Cort 
4 CUSSIOT tT sor 
involved 

The selection of crane wheels |: ’ 
1960, 37, March, 76 


Various types « 


eady a el Enq., 
of crane 
and a discussion of 


rtz formula for cal 


el loads 
The cranes of the iron and steel 


r allowable whe 


works 
Rourkela in India H. Riclander (Stahl Eis 

1960, 80, May 26, 756-763) A deseripti of the 
various types of cranes that are use ia thilets Ww 
iron and ste 


Iworks is given. There are all 
together 73 cranes, ranging from 5 t 
capacity. Transport of the dismantle 
to India and their erectior 
this description r.¢ 

Gas turbine plants with free-piston gas pro- 
ducers and after burner for economic use during 
peak hours in integrated —_ and steel works 
J. W. Jaeobi (Stahl Eisen, 1960. 80, June 23, 
894-896) The principle of this 
turbine is briefly explained and its 
for peak-hour boosting of power pointed out 

Establishing a table of tariff-rates in agree- 
ment with the actual cost of transport in a 
works’ own railway system W. Marquardt 
(Stahl Eisen, 1960, 80, June 9, 809-818) A 
somewhat simpler system for 


150 t 
d cranes 
i there is included i 


tvpe of gas 


usefulness 


arriving at the 
true cost of internal railway transport in tron 


and steelworks is derived I 


LUBRICATION 


The lack of a lubrication engineer in the 
drawing office as the main cause for breakdowns 
of journal bearings K. Droste (Stu/l Eisen, 
1960, 80, May 26, 766-768) The fundamentals 
of journal bearing lubrication are set out, 
illustrated by a number of diagrams of the oil 
pressure distribution in these bearings, The 


causes for breakdowns during service are dis- 
cussed. r.G. 

Molybdenum bisulphide, an aid for the ration- 
alization of machining Handwerkstechnischen 
Institut (Maschinenwelt u. Elektrotech., 1960, 
15, June, 229) The merits of MoS, additions to 
cutting oils in the machining of steels are 
ed out. An addition of 5 bro 
an increase of life before re 


point 
ight about 
rrinding of 100% 


WELDING AND FLAME-CUTTING 
1959, 76, 


ts raised at the 


an Weld 


Spotlight on welding (Vet. Pr: 
Dec., 123-124) A note on poir 
Autumn, 1959, meeting of the Americ 
ing Society, on reproducing spontaneous 
brittle fracture in laboratory vecimens, and 
on recently de 
methods 

Welding to-day |). ©. Pigott (/re 
33, May, 185-187) Classification, shipyard 


welding, use of radiog 


veloped welding anc pection 


1960 


raphy f« 
Teatures g 

Welding and cutting techniques in the manu- 
facture of metallurgical products W. Gilde 
Neue Hiitte, 1960, 5, April, 232-237) Subjects 
dealt with include el velding, repair 
velding, buildiz ip sn r; parts by electroslag 
welding, ar “prs ie sapere irgon flame cutting 


overning design are reviewed briefly 


etre slag 


Link automation to co Welding, Borg and 
Beck Borg Warner Cory , 1960, 
185, 18, 117) Arewel juipment which 
mesbe en converted so as auto ically to spot 
lescribed 

Welding nodular cast iron Kk. ©. Bates (Met 
Prog., 1959, 76, Nov., 95-99) It is sho 

dial annealing treatment 
tilitv in are welds by 
Investigation of 
Linde Co 
ing showed that no earbid Vas 
in the 
high 

The preparation of welds for shielded sub- 
merged arc welding \I. Mosny (Zrdranie, 1960 


2 42-45) Preparatory work required to 


weld a gear to 


a clutel muSsily 18 


wn thata 


transit 


technique usu 


root area, but that transitio 


lds is discussed PI 
The technology of red high strength 
chain links \M. Vita ‘ 

7 SO) A&« 


and econon 


assure sound we 


1a60 9, 


tailed enakteks vade of the tect 


lding machines, and press« 
vakia for this purpo are 
gned to a 

discussed r 

Three mp weling nuthes speeds repairs on 
castings (/) lye, 1960 185, April 7, 96-97 
A new three-step method re ng castir 
1s described; it is fast 
distortion. In the firs 
trode is used to n 
grooved to afford str 

vered 
which pre 
Finally the area is welded 
technique 
between each pass 

Welded =“ offers savings i” meg con- 
struction (J/ron Age, 1960 _ rch 
94) Examples of how welde 
replaced 


bases are en. 


rtain 


onditions are 


with material 


tects and 


quenching 


mmstruction 
cast omponents for machine 
Providing the unit 
pletely re yned 
are possib le p.L.¢ Pr. 

The production of tubes of large diameters 
from steel 19G A Garagulya (Stal’ 
(4), 346-350) An account of th automatic 


merged are-welding process at th 


cost 


considerable 


1960 


Khartsvst 
improvements introduced, and the 
problems still to be met. The 19G steel is rela 
tively cheap and has been substituted for the 
14KhGS steel pre 


works, the 


viously used 


PROPERTIES AND TESTS 


Measuring the relaxation period in the poly- 
morphic transformation of iron KR. 1. Garber 
and A. I. Kovalev (F% Vet. Metalloved., 1959, 

» (5), 785-788) The damping decrement of 
torsional oscillations of cylindrical specimens 
of technical iron with 0-04 
ured between 20 and 1000 


C has been meas 
In the region of 
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rmation this decrement was 
quencies from 1-08 to 6-8 


the « > transto 
measured for five fre 
f 


cycles. The frequency relation of 


the transformation temp. shows @ maximum 


damping at 


with 2-6 eycles which corresponds to a relaxa 
Assuming that 
is relate ss and that the 
approximate frequency of the oscillations of 
ator sis 10)? —l thy valu of the 


tion period of 0-06 se« damping 


ato an activation proce 
activation 
energy may be calculated. It corresponds to 
64 keal/g. ator 

The electrolytic production of sulphur-free 
iron W. T. L. Neal, J. F. Duke, and H. R 
Sullivan (J7SJ, 1960, 196, Oct., 131-134) | This 

Onset of relaxation in the spin system in some 
compounds of iron group Goments N. 8. 
CGarif' yano Zhur. Ekapt. 7 1958, 
35, (2), 530-532 

Contribution to the complete determination 
of the state of residual stress in hollow cylinders 
P. Lauret, Tran-Xuan-Thoai, and G. Altme 
* Forschun wmf den Gebiete des Inqgenie 

ens, 1959, 25B, (2), 44-54 mather 

of of the eo 


on brass and copper and al 


Sachs yuatior 


annealing and quenching 


- 
- ilts im 

od 

Dislocations | in 
Nutting MIST, 
This issue 

—_ geometry of surface cracks P G 

} Res., 1960, 9A, $), 148-152 


wee atings such as enamels are 


i-iron |) randon and 
1960, 196, Oct 160 166 


risice i 

Thermodynamica emtentaton of have dia- 
grams J I. Me g (PI s t, 2790, 
reprint fron 9 en ¢ Metall Solutior 
und Interme / compounds, 1958, 2, Jur 
1-20; Nat. Phy Lab., paper 5A $7 refs 

On the equilibrium between | Mn} and |0| in 
molten iron K. Gus und S. Matoba (T'etsu t 
Hagane, 1959, 45, Sept., 926-928 

Solubility and chemical a | of oxygen in 
metallic alloys V. V. Averin, A. Yu. Polyakov, 
und A. M. Samarin (/zvest 1N Metallura 
l'opl., 1959, (1), 13—2 The solubility 


" 
chemical activit ( oxywer in 


and 
metallic 
systems does me che e 4 ively through 
entire range ¢ cones tri m of compon 
wition of the 

the alloy of 

ental data 

sible of the 

of a saturated 

mmponent at a 

uy change in the 

ility of o ger ! lo depends on a 
nber of tactor the t important of 
which the ratio between 1 ersible dissocia- 
tions of the oxides of the various componente. 
The solubility of oxygen in liquid iron con- 
taining sulphur A. M. Samarin and Z. Bitek 
(Hutn. Listy, 1959, 14, (11 926 928 An 
ental study of the solubilit rf mn 
iron mtaining OU Oo) Ss, in the range 1550 
1600°C, show 


of Taig 


experim 


“i that mtrary to th resaulte 
and Craft (./. Met., 1952, 1307 
YT: » effect upon the solubility of O 
the ~ stapes ohel quent I 
The activity of op meng in liquid won 
M.G. Frohberg (Stahl Eisen, 1960, 80, April 2 
623. 624) The author sum: am 
o1 ivity of P in liquid iron. The results 
shown in a number of graphs and tables 
Transfer of carbon into solid solution during 
induction heating of chromium steels |. N. Kidin 
Proizvodstvo ¢ Obrabotka Stali i Spla 
Moscow Steel Inst. Coll. Papers No.38 
4105-419) Steels with 0-6, 0-8, and 1! ( and 
2°5 ~O, and 10°.Cr were examined 
X-rays to establish heat-treating 
The C content of 


1312)8 
within 


x perime 


1Arizes recent 


1958 


with 
practices 
martensite and quenching 
temp. for arious heating rates was observed 


and recommendations for heat treatment are 
made. 

Effect of molybdenum, tungsten and copper 
on the solubility of graphite in molten iron 
rl. Mori, K. Akita, H. Ono, and H. Sugita 
(Tetsu to Hagane, 1959, 45, Sept., 929-930 
Data are given for the solubility at 1550°C of 


graphite in Fe-C-W, Fe-C-Mo, Fe-C-Cu, 
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Fe-C-Mo—-W, Fe-C-Mo-Cu, Fe-C-W-Cu, and 
Fe—C—Mo—-W-—Cu alloys.— K.E.J. 

Simple laboratory bulge tests for sheet-metal 
fracture-transition studies and for weidment- 
performance evaluation P. P. Puzak and J. 
Stoop (NRL Rept. 5347, 1959, Aug., pp.15 
Rubber is used to transmit the blow to 6 « 6 in. 
specimens. given. The 
method is suitable for routine use 

The mechanical properties of some tempered 
alloy martensites J. M. Capus and G. Mayer 
(JIST, 1960, 196, Oct., 149-158) {This issue 

Standard round tensile test pieces (Annual 
Rept. Defence Standards Laboratory, Common 
wealth of Australia for the year ended June 1959, 
56-57) Work is proceeding on the revision of 
acceptable tolerances in the machining of test 
pieces to B.S. ‘Tensile Testing of Metals’ 
specifications, and also to determine the effect 
of lack of coaxiality of the end fittings and the 
test cylinder on the measured values of the 
tensile properties of various metals, and the 
largest size that can be made 
bar steel stock 

Fracture testing of high-strength sheet 
materials: Testing temperature and effect of 
temperature on fracture toughness (iS71/ 
Bull., 1960, Feb., 18-28) Research on the 
standardization of an edge-notch shear test is 
described in detail. It is concluded that 
characteristic fracture toughness is the best 
available test for brittle fracture resistance in 
sheet material. Edge notch and centre-notch 
tests are recommended. An instrumental bend 
test is also considered 

Machining of notched tension test specimens 
‘ March, W. J. Ruprecht, and G. Reed 
( AST V Bull., 1960, Feb., 52-55) 


machining in 


fesults on steels are 


test-piece from 


\ process of 
quantity reducing 
time to | man-hour each is described, 

A consideration of the structure and tensile 
strength of vacuum-melted Fe © Si system 
cast iron M. Kikuchi 1959, 31, Aug., 
712-723) Compositions to give graphitization 
with no free cementite are found. Vacuum- 
melted iron had a tensile strength of 30 
40 kg/mm, in the carbon steel range a graph 
ite and pearlite structure had 50-85 kg/mm?*. 


processing 


(Imono, 


Discussion of paper on effect of specimen 
taper on determination of elongation in the 


tension test F. H. Dill and FE. B 
Bull., 1959, (241), Oct., 37 
specimen shay 

Tension test for thin sheet steels G. 1. 
(Met. Prog 1960, 77, March, 85 86) 
niques and precautions to be taken 
tests on steel sheet up to 0-01 in 
de scribe a. 

Effect of the purity of iron on the discontin- 
uity in the elastic limit observed in tensile 
curves B. Migaud and J. Talbot (Compt. Rend., 

1959, 249, Nov. 16, 2071-2072) Zone melted 
iron, like electrolytic iron, shows the discon- 
tinuity only if tempered at a temp. at which 
the C is dissolved cold-working and 
agelipy 

Contribution to the study of the yield point in 
wrought iron aged after deformation Rk. 
Pankowski (ATB Mét., 1959, 1, (8), 207-216) 
Theories explaining the existence of the yield 
ee in the curve of reervstal 
ized mild steels and wrought 


cussed, 


- Kula (ASTM 
) A note on standard 


Selby 
Tech 
in tensile 
thick are 


before 


stress strain 
irons are dis 
and an explanation is given in the light 
of new tests on wrought irons. It is suggested 
that two separate stages may occur in the 
ageing of wrought iron, 
related to the anchoring of dislocations and 
observable in the tensile test, and 
quently a slower process to be seen only in the 
impact test (11 refs 

The process of formation of ‘bright spots’ in 
axle steel N. V. Keis, I. Ya. Aizenshtok, A. I. 
Komissarov, G. FE. Mysina, and E. L. Korot 
kovich (Stal’, 1960, (4), 363-365) Bright spots 
are observed on tensile fractures 
shown to be surface tears occurring 
of low ductility caused by 
segregation zones. 

Examination of material for oil casing pipes 
with a minimum yield point of 98 kg/mm?’ Kk. 
Sejnoha (Hutn. Listy, 1959, 14, (9), 829-840) 
The influence on mechanical properties of C, 
Mn, Si, and Cr contents in quenched and 
drawn bars of steel with 0-18 0°32°%,C, 0-97 
1:49 Mn, 0:40-1-40%Si, 


firstly a rapid process 


subse 


he \ are 
at points 
heterogeneity in 


and 0-1-90°.Cr was 


examined statistically. Kecommended com- 
positions and treatments are given (21 refs). 
Some observations on the behaviour of non- 
metallic inclusions in steel during tensile testing 
T. Okada (Tetsu to Hagane, 1959, 45, Sept., 
1050-1051) For various steels with given heat- 
treatments, 
inclusion are 


microstructure, and types of 

correlated with hardness and 
stress-strain values. Ratios of inclusions separ- 
ated at the inclusion-matrix boundaries and 
eracked in the inclusions are given K.B.¢ 

Influences of cementite particle dispersion on 
the strength of tempered carbon steel (:. Mima 
(Tetsu to Hagane, 1959, 45, Sept., 1055-1057) 

Approximate conversion values for the 
elongation at fracture of steel (Aciers Fins. 
Spéc., 1960, March, 78) Approximate 
parative established as a result of 
tabulated for different 

with different gauge 
lengths. Rules for using the tab "giana 
its limitations are indicated. —R 

Behaviour of steels at low temperatures under 
alternating tensile stresses M. Hempel and J. 
Luce (Mitteilungen Kaiser Wilhelm Institut fur 
Eisenforschung, 1941, 23, paper 413, translation 
303 of Royal Aircraft Establishmeni, 1949, 
March, pp.52) Tests at 20. 78 and 

188°C on three plain and three alloy steels 
are reported with an extensive literature 
review (42 refs). 

Strain gauge calibration device for extreme 
—— R M. MeClintoeck (Rev. Sei. 
Instr., 1959, 30, Aug., 715-718) A device for 
applying. known strains to gauges is shown and 
measurements from 4—300° K are recorded 

Behaviour of round steel chains under static 
and fatigue stresses K. Wellinger and A. 
Stanger (V DIZ, 1959, 101, Nov., 1425 1431 
Results of tests on open-link round section 
chains buttwelded by two methods 
tensile strengths of 60-75°,, of that of the 
material, Condition of the material 
vy normalized) had no 
strength. The influence of link geometry and 
of chemical composition on tensile and fatigue 
strongth were investigated 

Testing welded joints under bending \. S 
Fal’kevich (Lit. Proizv., 1959, (10), 41-42 
Normal bending tests do not show a number of 
defects situated in depth. Such defects are 
more effectively revealed by 


com 
values 
statistical research are 
elongations at fracture 


showed 


tempered 


influence on fatigue 


tests ‘up edge’ for 
20 mm. For 
welded on one side 


thicknesses between 15 welding 
(for example the 


best revealed by 


jolts 
butts of tubes) the defects are 
tests on the root of the joint. 
Effect of shot blast and specimen size on the 
cold bending of plates I. Ohtake, H. Gondoh, 
z Fukuda, and A. Arima (Tetsu to Haqane, 
1959, 45, Sept., 988-991) Hardness distribu- 
tions across the sheet, and other data, are given 
for rimmed, semi-killed, and killed steel sheets. 
Elastic-plastic torsion of a cireumtorentiany 
notched bar J. B. Walsh and A. C. Mackenzie 
(J. Mech. Phys. Solids, 1959, 7, Oct., 247-257) 
lhis problem was first approached by develop- 
ing mathematical theory 
hardening continuum 
carried out using pre 


in terms of a non- 
Experiments were then 
stretched Al alloy bars, 
and it was shown that the results agreed satis 
factorily with the theory. 

Alternating torsion tests on welded box 
sections Kk. P. Newman, T. RK. Gurney, and 
G. Coates (Brit. Weld. J., 1959, 6, Nov., 534 
541) This is the second interim report of an 
investigation of the fatigue strength of welded 
thin In the present report 
the results are described of alternating torsion 


gauge constructions 


fatigue tests on several thin-gauge box 
in mild steel made from pressings welded by 
the C-are, 


cesses. Such sections are common units of con 


sections 
metal-are, and spot-welding pro- 


struction in the motor-car industry. r.G, 

The effect of heat-treatment and micro- 
structure on the high-temperature ductility of 
18°.,Cr 12°.,.Ni-1°.Nb steels K. J. Irvine, 
J.D. Murray, and F. B. Pickering (J7S7, 1960, 
196, Oct., 166-179) [This issue 

On the hot-workability of round steel billets. 
Il. Hot-torsion tests on segregation zones of the 
Cr-Mo steel billet Y. Nishio, T. Mimino, H. 
Kubotera, and H. Narita (Tetsu to Hagane, 
1959, 45, Sept., 1108-1110), 

A study on the high-temperature torsion test 
of cast iron for ingot moulds K. Yoneda, A. 
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Yamashita, T. Amaki, O. Tsuneda, and M. 
Fukuda ( Tetsu to Hagane, 1959, 45, Sept., 903 

905 
Dynamic compressibility and equation of 
state for iron under high pressure |. V. 
Al’tshuler, K. K. Krupnikov, B. N. Ledenev, 
V. 1. Zhuchikhin, and M. I. Brazhnik (Zhurnal 
Ekapt Teoret. Fiz 1958, 34, (4), 874-885) 
Shock wa throughout the range 
5 reported, The com 


studies 
4 1(P—5 10° atm. are 
pressibility at O°K is derived and the curve 
extrapolated to pressures at whic statistical 
atomic models are valid 

The failure of the martensite crystal under 
the simultaneous action of external tension and 
compression stresses A. Mashin (/ Vet 
Metalloved., 1959, 8, (6), 908-914) The invest 
gations concerned the changes in the marten- 
site crystal, substantially a monocrystal, under 
simultaneous external tensions and compres 
It was established that the 
crystal, on failure, first 
grates, and then fractures 
was arrived at on the 
stresses acting on the erystal at the mor 
failure. The disintegr 
explained by the fact that the compre 
stress on one side of the 
pensated. The study 
investigating the 


sions. rartensite 
breaks up, disinte 
This interpretation 
basis of an analysis ot 
ent of 
ation of the crvstal is 
ssion 
eryvstal is not com- 
Was made in the 
distribution of the « 
plastic vaves in an 
medium, 

Supplementary study to the ee ques of 
cast iron A. cle 8» and F. Deknoch 
Belge, 1959, 29, | 12), 266 271) 
ing work reporte 4 in a previous article bid., 
1959, 29, (10)), the authors describe the 
results of impact tests on specimens of diam 
eters 10-20 mm, belonging to the proportional 
series L=5D-- 1D. It is shown that it is neces 
sary to operate with a ratio Er/Ed of at least 
0-4, where Ed is = available energy, and 
Er=energy of rupti 

impact resistance of nickel manganese cast 
steels |. B. Miman _— R. D. Schelleng (Mod 
Castings, 1960, 37, Feb., 67-70) The t 
Ni and Sin, section size 


tice on O-3 ( 


course ot 
lastic and 


austenite-tuartensite 


Supplement 


and deoxidatior 
ast steel were invest 


was shown that Ni was essential 
temp. toughness. Of the c« 
ined, 1-51 Ni, 1-6 Mn was found to be 
suitable Deoxidation with Si-Mn 

found to be better than Si- Mn alone | 
sections showed a higher transition temp., but 
this effect was minimized by Ni. 

Studies of foad-time relations in the Charpy 
impact test. 1. Effects of size of steel specimens 
on Charpy impact tests. 11. On the transition 
pear ga of mild steels S. Sakui, T. Naka 
mura, S. > ynura, and M. Omori (Tetsu to 
Hagqane, 1959, 45, Sept., 1084; LOS4 
LOSS F S. Sakui, T. 
Nunomura 


discussed, 


in Trais 


yMpositions ¢ 


1Os2 
Nakamura, and 

Absorption of energy in the 
and load-time 


ens of vari 


eurves are iy 
specim vus thicknesses. IT. (S. 
T. Nakamura, and M 
are given for max. load and abso 

against testing temp. for norn 
mens. K.E.J. 

Study on low- -manganese high-strength steel. 
1. Effect of various alloying elements on the 
notch-sensitivity of 2°..Mn high-strength steel 
T. Saito and T. Fuziwara (Tetsu to Hagane, 
1959, 45, Nov., 1265-1272) Carbon increased 
notch sensitivity more than any other element 
Si and Cr increase it in the sorbitic structure, 
but improve the impact value in the 300° 
tempered range. Mo addition (0-5° 
necessary. W and Ti were beneficial in the low 
tempering-temp. range. V was always bene 
ficial, and Cu had no effect (12 refs). K.E.J 

Some ductility ——- of 18-12 1Nb steel 
R. J. Truman and H. Kirkby (J/S/, 1960, 
196, Oct., 180-188) aie iow 

Charpy-V transition temperatures of ferritic 
iron alloys: Part 1. Iron oxygen and iron 
aluminium J. EF. Srawlev (NPL Rep. 5290 
PB 151555, 1959, April 6, pp.17) The transi 
tion temp. of Fe increased st« with O, 
content and, with the same QO,, was hig vher 
after furnace cooling after cold working than 
after quenching from 1650°F, Intergranular 
fracture was observed in annealed irons with 
0-0039°40, or more and transgranular in 
quenched ‘jron with 0-0206°,0,. Fe-Al 
allovs always show transgranular fracture and 


Omori). Gre 


is always 


racdily 





the transition temp. passes through a maxi 
mum with increased Al content. UL tron 
chromium and_ iron-chromium—aluminium 
(NRL Rept. 5367; PB 151811: 1959, Aug. 24, 
pp. 19; from US Res. Re p., 1959, 32, Dec. 11, 
Allovs up to 24°3°,Cr and three series 
with up to 25°,Cr and 6°,Al were examined 
after various heat treatments and conditions 
of mechanical working. Cooling conditions and 
embrittlement effects are discussed. 

The low-temperature impact values of 
welded austenitic stainless steels MM. Kawahata, 
K. Yokota, and K. Ebato (Tetsu to Haqane, 
1959, 45, Sept., 1013-1015) Charpy values are 
shown for the deposited and heat-affected 
zones at room and temp. for six 
(AISI or NAS type) steels.—k.k.3 

Correlation of toughness between H-plate 
and write -impact tests W. P. Hatch jun 
(Weld. J., 1960, 39, Jan., 20s-30s) A series of 
laboratory tests were carried out Ni-Cr, Mn 
Mo, and Ni-Cr—-Mo welded with 
several different electrodes, in order to try to 
correlate the performance ot the se 
steels in bellistic trials with the composite 
Charpy results. It was concluded that this was 
possible. 

Creep, mechanical and metallurgical proper- 
ties of an experimental MoV steel rotor sorpas 
A. 1. Smith, E. A. Jenkinson, ID. J. Armstr« : 
and L. M. T. Hopkin (/J7S/, 1960, 196, Oct. 
117-130) | This issue 

Heat-affected zone cracking in welded high- 
temperature austenitic steels 1k. N. Younger 
and R. G. Baker (JIS/, 1960, 196, Oct., 188 
194) [This issue 

Temperature dependence of the paramag- 
netic susceptibility of nickel- zinc ferrites \V. I. 
Chechernikov and Yu D. olkov (Zhur 
Ekspt. Teoret. Fiz., 1958, 35, ( 875-879) 

Temperature stability of in domain struc- 
~" in iron silicate crystals L. V. Kirenskii and 

F. Deg gtyarev (Zhur. Ek on Teoret. Fiz., 

a 35, (3), 584-586). 

The antiferromagnetism of y-phase iron 
E. I. Kondorskii and V. L. Sedov Zhur. kkapt 
Teoret. Fi 1958, 35, (6), 1579 

Deterioration in the magnetic properties 
‘spoiling’) of tungsten steel for F-233 oe 
J.T. Martorell and J. M. Bermudez de Castro 
vy Mosquera (Inst. Hierro Acero, 1959, 12, 16 
64) It is coneluded that the deterioration 
observed is due to the presence of W¢ 
formed principally during forging or rolling 

Structural changes and anomalous tempera- 
ture dependence of the magnetic properties of 
Ni-Fe (50°,Ni) alloy M. V. Dekhtyar and 
N. M. Kazantseva (Fiz. Met. Metalioved., 1959, 
8, (3), 412-416) The magnetic properties of 
this alloy quenched from 1200° show 
alies. On heating this 
properties change rapidly within a 
range (300-—360°). The coercive for 
and the maximum magnetic susceptibility 
increases by a small amount. Magneti atura 
tion also in 
100 h near 480° this anomaly 
observed. It is suggested that when heating 
this rapidly cooling alloy near 300° a process 
analogous to ordering begins in the disordered 
alloy. This is shown by the increase in the mag- 
netic saturation and rise in the Curie point 

The formation of the cubic texture in the iron 
silicon alloy Chou Pe n-sin, Van Vei-min, and 
Chen Hen-chuan (Fiz. Met. Metalloved., 1959, 
8, (6), 885-891) The fact that the cubic texture 
may be obtained in silicon-—iron either with the 
primary or with the secondary reerystalliza- 
tion means that the production of high quality 
cubic textured transformer sheet steel can 
reliable and that it is not necessary to 
transversal rolling. It also means that 
cubic texture which obtained 
large number of face-centred metal lattices car 
also be obtained in the body-centred lattice 
which is of great scientific value. It has been 
shown that no foci form for the cubie t 
in the secondary recrustallization but that 
these already exist at the end of the primary 
recrystallization with the orientation (100) 
[001] and are surrounded by grains with the 
orientation (110) [001). 

The thermomagnetic Nernst-Ettingshausen 
effect in nickel and iron-nickel alloys as a func- 
tion of temperature R. P. Ivanova (Fiz. Met 


751) 


sub-zero 


armour steels, 


armour 


, whichis 


anom 
alloy its magnetic 
narrow 


increases 


creases, but on specimens tempered 


cannot ¢ 


may be 


xture 


Metalloved., 1959, 8, (6), 851-856) The mea 
surements were carried out over a wide range 
of temp. and relations between this effect and 
the magnetic field, and chemical com 
position of the alloy are given graphically 

On the component factors of specific losses 
and on the magnetic permeability of dynamo 
steel alloyed with phosphorus 8. [. Doroshek 
and V. V. Druzhinin (Fiz. Met. Metalloved., 
1959, 8, (6), 892-895) Small phosphorus addi 
tions to alloy st 
losses as shown by the 


temp 


eels result tn a reduction of 
hysteresis curves be 
yrains, resulting in a 
reduction of eddy current and in an increase in 
the electrical resistance. In a coarse 
dynamo steel (10-20 grains per 
increase in the P content results in an appreci 
able reduction of such losses. The 
the maximum permeability also 
under the influence of P additions 
The anomalous behaviour of the coercive 
force in quenched steels tempered at high heat 
M. N. Mikheev and G. 8. Tomilov (F: Vet 
Metalloved., 1959, 8, (3), 346-348) This is an 
attempt at explaining the anomaly in the 
coercive force of high heat-tempered marten 
site steels on the 
(Dokl. AN SSSR, 1948, 63, (5); 1949, 68, (1 
By considering relatively small and relatively 
large magnetic mneclusior it is contirr i that 
torce 18 due to the 


this anomaly in the coercive 
change in structure, to the magnetic saturation 
arbide 


cause of a coarsening of 
grained 
mm?) an 


initial and 


increases 


basis of Kondorski’s theory 


and to the average dimensions of the 
inclusions 

The Hall effect in iron nickel alloys near _ 
Curie temperature N. \ Jazhanova 
We Vetalloved., 1959, 8, (3), 342-345 ¥. x) 
with from 30:5 to 40°,Ni by weight 
were ated. With magnetic fields be 
tween 0 and 2000 Oc« no effect of the field on 
the Hall emf « d | »bserved in the ferro 
magnetic body. he method of 
magnetic saturation and th tf has been des 
cri bed ZhET F, 1957, 33, 567). Findings for 
the Hall emf related to magnetic fields at 
near the Curie points are tabu 


pas 
investig 


measuring 


arious ter 
lated 

Hot-rolled transformer steel with low specific 
losses N _F. Dubro } Met. Metalloved 
1959, 8, 52-757) The Verkh Isetsk Meta 
lurgical Works has produced since 1958 on an 
hot roll 
ate: with a specili 


and 0-85 Wike in tests 


industrial scale, d transformer st 

0-35 mm thick 

Pipiso between 0-75 

with whole sheets. The characteristics of this 
arse ferrite grains (6-10 g 


eel in 


losses 


vith straight line bour 
iostly free from foreign substé 
mounts of non-T tallic incl 
all amounts of Al,O,, S, N, and Al 
"New eddy current test for tubing &. B 
et. Prog., 1960, 77, April, 101-103 
Known 


*Radac 


quipment, as the 
porates the 


magnetic 


> multit 


background ir 
equipment was usec 
tion of surface 
LO00000 ft 


Electrical conductivity ved 


iron at = 2 
temperatures V. S. Gumenyuk and V 


Lebede, I Vet 
847-850 


Metallo ang 1959, 8, (¢ 
Cylinders 3-6 mm dia and =650 
100 mm long were used as 


specimens for 


measurements by sation by 
% potentiometer and 
urrent 
under 


comper means of 
galvanometer. The 
sour was an accumulator battery 
charge from a rectifier. A 
barretter was inserted in series in the circuit to 
maintain the current at | amy The data 
giving the electrical resistance of the 
mens with temp. from 20-1450° are tabulated 

Electrical resistance of iron, nickel and 
nickel-copper alleys & at low temperatures F. I. 
Kondorskii, O. S. Galkina, and L. A. Cherni 
kova (Zhur. Ekept. Teoret. Fiz., 1958, 34, 
1070-1076) The range 2—78°K is covered and 
the results are represented by expressions and 
discussed. 

Electrical conductivity and the Hall effect at 
high temperatures, on iron anoye with silicon- 
containing ——. A. I. Gol’dberg, V. A. 
Lipatova, and P. V. Gel’d (Fiz. Met. Metallo 
ved., 1959, 8, (3), ye 475) The experimental 
findings confirm that conductivity in speci- 


continuous 


speci 
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with 40-45 
than in others, 
ductivity is 
49-51°,S1 
investigating the migration of iron tungsten 
alloy components in a constant electric field 
D. F. Kalinovich, I. I. Kovenskii, M. D. Smolin 
and I. I. Frantsevich (/zvest. AN Metallurg. 
Topl., 1959, (1), 71-74) Data have been tabu 
lated for iron and W of the variations in the 
speed of migration in the active of the 
charges on the 
Between 
3d level of the 
iron atoms taking part in the electrical transfer 
are filled. At higher 


comes vacant and at 


% Si is considerably greater 
and that the 
observed in 


mens 
smallest con 


allova containing 


zone, 
transfer numbers and of the 
Iron atoms as a function of 


900—-1000° all xs 


temp 
acancies in the 
temp. & proportion he 
1150° all the 3d levels 
are vacant Thus between 900-1100 the 
electrons given out by the W atoms 
are filling the vacancies of the 3 d level of the 
iron atoms in a donor-acceptor relation 
Magnetic-field dependence of the atireccate 
attenuation in metals M. H. Cohen, M 
Harrison, and W. A. Harrison 
Vet. Univ 1959, Dee., 408 
Ultrasonic weld inspection at work J. E 
Bobbin ( Weld. J., 1960, 39, Jan., 34-38) X-Ray 
and ultrasonic inspection methods are briefly 
compared, the speed, ac lepth of 
ing empha 
of ultra 


valency 


(Inst es 


Chicago 


iracy, and 
iltrasonic waves be 


of the 


penetration of 
sized, and then examples 


soni eld testing in practice are g 


Hints on the radiographic investigation of 
castings Kk. Matthes (@ 1959, 5, 
Sept., 264-268) Technical considerations on 
the capacity and efficient use of X-ray sources 
of the use of a 


f the optical 


CRROTE techn.. 


are followed by a deseriptior 
wire grid, and a dis 
limitations of the metho 

Some aspects of the ‘radiography A thick 
plate a E H. S Van Somer elder. 
1959, 28, Sept 5-50) A toview of tee 
and y-ray methods 

X-Ray measurement of the atomic scattering 
factor of iron B. W. Batterman (Phys. Rev., 
1959, 115, July 1, 81-86 

The influence of chromium diffusion upon 
the thermal oxidation properties of steel and of 
nickel- and cobait-base alloys Kk. L. Samuel and 
r.P ne var (Metallurqia, 1959, 60, Sept., 75-80 


lhe res riments on the rate of 


UsSIO! 


oxida 


ts of « xp 

tion of chromize el an ther aterials are 

reports It is shown 

that plain ¢ and »w-allo can be 
fectively protec 

of oxidation-re 

iat the 

resisting chron 

1/6 of that of if 

both were oxidize I r tor + h at 95 

secondary diffusi ‘ egli yl 

Pommaetien of hydrogen icon metals R 
Ash and R. M. Barrer (Phil. Mag., 1959 
Nov., 1197-1206) Theory is de 

atically 

Study of high-manganese steel. II. Effect of 
chromium on the heat-treatment character- 
istics of high-manganese steel A. Suzuki, H 
Takada, and N. Kusuoka (Tetsu to Hagane, 

1959, 45, Sept., 1102-1104),.—xK. 8.3. 

On the function of nitrogen as an alloying 
element in  heat-resisting materials. Vill. 
Effect of working on heat-resisting properties of 
316L type steels and 16-15-6 type alloys Vi 
Okamoto, R. Tanaka, A. Sato, and 8S. Aoki 

Tetsu to Hagane, 1959, 45, Sept., 1025-1027) 

On the function of nitrogen as an alloying 
element in heat-resisting materials. IX. Effect 
of Mn content on the nitrogen absorption of 
20°%Cr-Fe Alloys M. Okamoto and 0. Miya 
gawa (Tetsu to Hagane, 1959, 45, Sept., 1020 
1922 K.E.J. 

On the behaviour of nitrogen in ball-bearing 
steel Vi. Tetsu to Haqane, 1959, 45, 
Sept., 999-1000) The N, contents are examined 
in the raw materials used for steelmaking, the 
heat-treated steel, ¢ pg) the residue after 
HCl extraction. —K.F 

Softening of steels under the action of hydro- 
gen at high temperature N. N. Kolgatin, L. A 
Glinkman, V. P. Teodorovich, and V. I. 
Dervabina (Metalloved., Obra. Met., 1959, (7), 
16-21) Under the action of H, at high temp. 
and pressures, decarburization occurs in such 
steels as 20, 30KhMA, and EI 579. Decar- 
burization is considerably more intense in 


d for 


shown t 


’ 
eloped mathe 


Ohsawa 


insol. 
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specimens under pressure from all sides than in 
those under pressure on one side only (internal) 
Gradual appearance of cracks is observed in the 
decarburized zone along the grain boundaries, 
which reduce considerably the intercrystalline 
strength. 

The effect of additions of nitrogen and boron 
on the properties of heat-resisting steels of the 
CrNiFe(30:30:30) type J. Chodorowski (Hutn. 
Listy, 1959, 14, (12), 1141-1143) Up to 0-49,N 
increases the creep strength and creep life 
considerably in these alloys, which also contain 
small amounts of Mo and Nb. B is less effective 
in this respect, but in contrast to N,, has a 
favourable effect on ductility. The use of both 
elements results in pronounced improvement 
in creep properties and in the structure of the 
alloys in the as-cast state. P.F. 

The effect of the composition and of the 
method of deoxidation of steel on the liquation 
of phosphorus ©. 1D. Moldavskii (Izvest. AN 
Metallurg. i Topl., 1959, (5), 126-127) An 
increase in the carbon content affects the 
properties of the steel during solidification in 
the same way C displaces P from its 
solution in iron, increasing the degree of liqua 
tion and increasing the P content in the non- 
metallic inclusions. Deoxidation of the steel by 
Al, on the contrary, results in a reduction of 
liquation. 

Effect of phosphorus on structure trans- 
formation and properties of low alloy electro- 
technical steel S. I. Doroshek (Fiz. Met. 
Metalloved., 1959, 8, (5), 770-776) An increase 
of the phosphorus content in low-alloy Si steel 
promotes grain growth and raises recrystalliza- 
tion temp. On structure, the effect of P is 
indicated by an improvement of the magnetic 
characteristics of the steel. 

The effect of the inoculation additions on the 
mechanical properties of cast alloy steel M. P 
Braun (Izvest. AN Metallurg. i Topl., 1959, 
(4), 59-65) Compositions of the steels investi 
gated were 0-25%C, 1-26%Cr, 1-42%Si; 
1-099 Mn, 1-14°,Ni, and 0-25%C; 1-22°/Cr, 
0-98%Si; 1-33°,Ni. Inoculations affect these 
steels variously. The greatest increase in the 
UTS and yield strength is obtained with Se 
in Cr-Si-Mn-Ni and in Cr-Si- Ni steels. In a 
Cr—Mn-—Ni steel with 0-5°;,Si, Se increases the 
plastic properties. V addition to the third 
mentioned type of also improves its 
properties while it has no such effect on the 
other two types. The harmful effect of Ti and 
Nb inoculations are explained by the fact that 
these elements pass entirely into carbides and 
do not dissolve in the a-phase because of their 
low solubility. 

Effect of titanium on Cr Ni austenitic steels 
R. Nakagawa and Otoguro (Tetsu to 
Hagane, i959, 45, Sept., 1004-1006) The 
effects on ageing hardness, high-temp. tensile 
strength, and cree p-rupture properties are 
examined K.E.J. 

The effect of niobium on the high-tempera- 
ture properties of austenitic steels RK. Naha- 
gawa, and Y. Otoguro, and T. Tsuchiva (Tetsu 
to Hagqane, 1959, 45, Nov., 1276-1281) The 
specimens were of 18-12 Cr—Ni stainless steels. 
Creep-rupture strength increased with Nb con 
tent, but became constant beyond Nb 
11x (C content). Nb had no effect on high- 
temp. tensile strength. High-temp. deforma- 
tion resistance depended only on the Nb 
dissolved in the adele, K.B.J. 

Effect of Mo, W, V, and Nb on properties of 
38°(,Ni heat- -resisting ‘alloy S. Koshiba and T. 
Kunou (Tetsu to Hagane, 1959, 45, Sept., 1031 
1032).—K.E.J. 

Effects of W, Mo, and V on the various 
properties of high-C, high-Cr steel (SKDI) 
S. Koshida and K. Kiyonaga (Tetsu to 
Hagane, 1959, 45, Sept., 1104-1106) Data are 
given for the effects on oil-quenched hardness, 
tempering hardness, change of torsion ratio by 
quenching temp., and abrasion properties. 

Study of low-alloy structural steel. 1. Effect 
of alloy elements on the hardenability of low- 
alloy structural steel (SNCM8). 11. Effect of 
alloy elements on the temperability of low-alloy 
Structural steel (SNCM8) T. Nakano, M. 
Makioka, and M. Maeda (Tetsu to Hagane, 
1959, 45, Sept., 1111-1113) 1. Graphical data 
are given for effects of varying Mo, Cr, Ni, 
(Mo+C), and (Mo+ V) on the quenching hard- 


as Si. 


steel 


ness. 11. T. Nakano, M. Makioka, and E. Niina 
(1113-1115) The effects of varying the same 
elements on the resistance to oe and 
the impact value are shown.— K.E 

Study on high-strength structural steel. 1. 
Effects of addition of V and other elements on 
Si-Mn steel E. Asano and A. Suseki (Tetsu to 
Hagane, 1959, 45, Oct., 1158-1163) Increase 
of V increases tensile and yield strengths, uni- 
fies microstructure, refines ferrite grain size, 
and reduces softening by tempering. In Si 
Mn-—V steel, Cr increases tensile strength, and 
Ti and Zr refine the ferrite grain size. Si (0-4 
0-65°%,) has no effect on tensile strength, even 
with C contents as low as 0-1°,. HL. Effect of B 
and Mo on Si- Mn and Si-Mn_ Cr high-strength 
steel I}. Asano and T. Ishida (Sept., 1110-1111) 
Data are given for hardness changes of Mn—Si, 
Mn-Si-Cr, Mn-Si-Mo, and Mn-—Si-Cr—-Mo 
steels, as rolled, normalized, quenched, and 
tempered, and for Jominy hardnesses up to 
95 mm from the quenched end.—k.E. J. 

Influence of small quantities of nickel and 
chromium on the mechanical properties of steel 
fr. Ohtake, 8. Murayama, and N. Eguchi 
(Tetsu to Hagane, 1959, 45, Sept., 1089-1092) 
Results are given for the effects of up to 0 
of the sembine d elements on tensile and impac t 
properties and transition temp. of 0-1 yee 
0-6%,C steels. K.E.3. 

Effect of various elements on the properties 
of 25°,, chromium 12° nickel steel F. Tsuka 
moto, H. Sunaga, and T. Suzuki (Tetsu to 
Hagane, 1959, 45, Sept., 1027-1029) The 
effects of C, Mn, Si, Cr, and Ni on tensile, 
hardness, impact, and creep-rupture properties 
are shown.—-K.E.J. 

Relations between the mechanical properties 
of cast steels and their analysis. Investigation of 
practical formulas J. Jarnar (Pond. Belge, 1959, 
29, (11/12), 272-274) The work refers to hypo- 
eutectoid steels, normalized and tempered, and 
the formulas derived take into account (1) C 
only, with Mn between 0-7 and 0-9"; (2) C and 
Mn. A note on the influence of other elements 
is added. 

The development of heat resisting austenitic 
utility steels in ‘ww? F. Poboiil 
(Hutn. Listy, 1959, 14, (12), 1121-1125) The 
development ft a dks A ‘r of steels in which N 
is replaced partly or entirely by other alloying 
elements, such as Mn, N,, or Mo with V, is dis- 
cussed and their composition and properties 
are surveyed. Seamless tube production, argon- 
are welding, and other associated processes are 
considered. P.F. 


METALLOGRAPHY 


The interpretation of contrasts in electron 
micrographs obtained by transmission of thin 
crystals H. Alexander (Z. Metallkde., 1960, 51, 
April, 202-209) Thin metal films (100-1000 A 
thick) give many bright—dark contrasts when 
submitted to transmission electron micro- 
scopy. The use of the diffraction theory of the 
electron waves leads to an interpretation that 
part of these contrasts are diffraction images of 
linear or two-dimensional lattice imperfections 
such as vacancies or stacking faults.—T. «a. 

Specimen holder for deforming whiskers in 
an electron microscope I’. R.. Rollins jun. (Rev. 
Sct. Instr., 1959, 30, July, 603-604). 

On the new polishing method for the develop- 
ment of the micro-structure of steel. I. A 
polishing method for carbon steels and low- 
alloy steels and its results K. Kawamura and 
R. Kazui (Tetsu to Hagane, 1959, 45, Sept., 
1053-1055) The new method uses optimum 
H,O,-C,H,0,-H,O and H,O,-HF-H,0 so- 
lutions.—K.E.J. : : 

The nature of mechanically polished surfaces 
(Annual report of the Defence Standards 
Laboratory, Commonwealth of Australia, for the 
year ended June 1959, 26-28) The work done 
recently has been on industrial polishing. The 
findings are that polishing is a fine cutting pro- 
cess, and that a Beilby layer does not occur. 
The plastic deformation in the surface layers is 
largely compressive in nature, and, when very 
severe, may cause the collapse of internal 
cavities exposed at the surface, and the frag- 
mentation of non-metallic inclusions. Radio 
tracer studies of reactions occurring at metal 
surtaces (28-29) The reaction between zinc and 
corrosion—inhibiting chromate solutions is 
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being studied, and the conclusions reached so 
far are presented. 

Improved method of etching by ion bombard- 
ment T. K. Bierlein and B. Mastel (Rev. Sci. 
Instr., 1959, 30, Sept., 832-833) An improved 
etching chamber of Pyrex is shown. 

The isolation of carbides from steels and 
similar alloys H. Tima (Chem. Listy, 1959, 53, 
(9), 909-921) The chemical and electrolytic 
methods of separating carbides from steels, the 
separation of the carbides according to compo 
sition, as well as recent methods deve loped for 
their analysis are discussed with reference to 
publications which have appeared in the last 
few years. P.F. 

A new optical technique for the determina- 
tion of non-metallic inclusions in steel 1. Ernst 
and G. Konig (Stahl Eisen, 1960, 80, April 28, 
626) The authors describe briefly a new tech- 
nique for determining directly refractive index 
and true colour of transparent non-metallic 
inclusions in metallographic sections of steel 
under oblique illumination. The 
remove metal by electropolishing, thus leaving 
the non-metallic inclusions slightly protruding 
above the metal surface (11 refs).—7T.«. 

Inclusions help identify stainless steels [.. I 
Wentworth (Met. Prog., 1960, 77, March, 125 
126) The use of microscopical examination to 
distinguish between types 321 and 347 (stabil 
ized austenitic) and 304 (unstabilized) stain- 
less steels is described 

Studies on the — of non- ~metallic sub- 
stances in steel ingots T. Ao and T. Tokuda 
(Tetsu to Hagane, 1959, 45, Sept., 1043-1045) 
A scheme is set out showing a. composition 
and possible origins of all inclusions, surface 
defects, ete., throughout the ingot. K.E.J. 

Deoxidation and inclusions in the semi-killed 
Steel ingot T. Kato, J. Imai, and H. Kajioka 
(Tetsu to Hagane, 1959, 45, Sept., 1042-1043 

Study of non-metallic inclusions in iron and 
steel with the electron microscope. |. On 
titanium carbide K. Narita and T. Mori ( Tetsu 
to Hagqane, 1959, 45, Sept., 1052-1053) Electron 
micrograph and electron diffraction data are 
given and analysed K.E.J. 

On the study of non-metallic inclusions in 
Steel. 1. Effect of non-metallic inclusions on the 
mechanical properties of ball-bearing steel I. 
Uchivama and M. Ueno (Tetsu to Hagqane, 

1959, 45, Sept., 996-998) The occurrence of 
inclusions and the mechanical properties are 
correlated for steels (analyses given) deoxi- 
dized by Al, Si, or Mn.—k.E. J. 

Study of non-metallic inclusions in steels. 1. 
On the composition of non-metallic inclusions 
in trial ingots by the Klinger-Koch method 
Y. Shimokawa, T. Fujii, and T. Yamamoto 
(Tetsu to Hagane, 1959, 45, Sept., 1047-1049). 

The study of non-metallic inclusions. VI. On 
the deoxidation products due to Si, Mn and Al 
M. Kawai, H. Kimura, and T. Noda (Tetsu te 
Hagane, 1959, 45, Sept., 1038-1041) Data are 
given for melting practice, cleanliness, and 
sand marks.— K.E.J. 

Identification of non-metallic inclusions con- 
sisting of the sand mark by means of electron 
eee K. Narita and K. Mori (Tetsu to 
Hagane, 1959, 45, Sept., 1045-1047) Data are 
given for «—Al,0,, F eO-Al,O,, «-Fe, and sub- 
A’ and ‘B’.—-K.E.1. 

On the determination of non-metallic inclu- 
sions in low-chromium steels by chlorine 
methods Lee Tai-chung, Chao Shu-hsi, and 
Lu Tsin-hua (Acta Met. Sin., 1959, June, 4, 
162-168) Inclusions in steels having 0-5°%C 
can be quant. determined by a combination of 
the normal-pressure Cl, and_ electrolytic 
methods. The low-pressure Cl, method can be 
adapted for ball-bearing steels. The practic- 
ability of the FeSO, electrolytic method is 
confirmed (14 refs) K.F.J. 

Non-metallic inclusions in stainless steels 
(18-8-Ti and 18-8-—Nb steel) T. Tanoue and S. 
Inoue (Tetsu to Hagane, 1959, 45, Sept., 1002 
1004) The quantities of inclusions are related 
graphically to the contents of C and N. 

On carbides in 12°., chromium heat-resisting 
steels. 1. Effect of Ti and Nb on the behaviour 
of carbides in 12°., Cr steel T. Fujita, M. Tanino, 
N. Sano, and 8S. Masumoto (Tetsu to Haqane, 
1959, 45, Sept., 1018-1020) Results of X-ray 
and micrographic tests on the carbides, and 


novelty is to 


stances 





data on the change of composition of the car- 
bides with temp. and the ema, change 
with tempering are given.—K.E 

The effect of Mn-containing carbide on the 
determination of unstable non-metallic inclu- 
sions in steel Lee Chin-yuan and Chao Shu-hsi 
(Acta Met. Sin., 1959, Sept., 4, 282-286). 

An investigation of ghost lines in a low-alloy 
steel Ho Tsen-chian, Chen Chi-tse, Fung Mun- 
chu, and Chu Yuan-tei (Acta Met. Sin., 1959, 
June, 4, 114-126) Billets of 30 Cr-Mn-Si steel 
made in a basic arc furnace were investigated. 
The smaller the dia. the longer the ghost lines 
The lines usually originated from chain-type 
inclusions such as spinel. rhey can be reduced 
or eliminated by improved deoxidation, an 
optimum degree of forging, and by removing 
the surface layers of ingots.— K.B. J 

The intermediate carbide phases in carbon 
steels N. V. Gudkova and V. P. Kuznetsova 
(Fiz. Met. Metalloved., 1959, 8, (3), 468-470 
In view of the data obtained by Apaev (ibid., 
1957, (1) ) the question of differences in the 
phase composition of annealed carbon steels in 
relation to their carbon content became im- 
portant. Since these differences cannot be 
observed by magnetic methods in steels con- 
taining less than 0-4°.C the specimens were 
investigated by diffraction and the relevant 
maps obtained are tabulated. 

Chromium distribution around grain bound- 
ary carbides found in austenitic stainless —_ 
B. E. Hopkinson and K. G. Carro ; (Natu 

1959, 184, Nov. 7, 1479-1480) A letter Usin, g 
the nicroprove analyser a 25Cr 20- Ni stain- 
less ‘aa with 0-15°,C was variously heat 
treated. Cr depletion was not observed. The 
thickness of the depl ted area if present must 
be < 1 p. 

The nature of phases formed in the structure 
of brittle transformer sheet J = tek, J. 
Vobo?il, and V. Cihal (Hutn. Listy, 1959, 14, 
(9), 777-786) It is shown that brittle ni itride 
phases can be dissolved in the ferritic matrix 
by annealing above 800°¢ d by cooling 
(200°C /h). (41 refs 

Crystallization of a solid solution M. V. 
Pikunov (Zhurn. Fiz. Khim., 1959, (10), 2253 
2258) The crystallization equilibrium is con 
sidered as the sum of two processes: precipita 
tion of the solid along the solidus and the inter 
action between the precipitate and the liquid 
phase. Tests here described have shown that 
the interaction is shown in the transition of 
the high-melting component (raising of the 
liquidus point) vstals to liquidus 
together with a transition of the low melting 
component (lowering of the liquidus point) 
from crystals to liquid. The mean composition 
of the component passing from liquid to 
crystals has been plotted on a curve. 

Influence of carbide-forming elements on 
grain size determination by the carburizing 
method A. Adachi and K. Mizukawa (Tetsu to 
Hagane, 1959, 45, Sept., 1057-1059) The 
influence of Cr and Mo in 14 steels 
given) is studied and the carburizing and 
quenching me thods are compared K.E.J 

Eutectoid crystallisation F. Scheil and A. H 
Paksad (Z. Metallk., 1959, 50, Oct., 582-587) 
It is shown by investigations on steel and non- 
ferrous alloys that 
crystallization are to some extent valid for 
eutectoid crystallization Differences arise 
mainly from the fact that in the forme 
crystallization occurs from a liquid, and in the 
latter from existing crvstals. Differences are 
discussed with reference to the 
pearlite in steel. 

On austenite grain growth in stainless steels 
T. Mori and E. Ichise (7'etsu to Hagane, 1959, 
45, Sept., 1006-1008) The influence of holding 
time (up to 1000 h) on grain growth at temp. 
between 800° and 1 100°C is shown graphically. 

Origin, structure and some properties of the 
crystal boundaries of cast metals and alloys 
B. A. Movachan (Jzvest. AN Metallurg. i Topl., 
1959, (5), 77-85) Investigations are des ribed 
of some special features of plastic deformation 
under tension, within the grain boundaries of 
technical iron. These were carried out by inter 
ferometry, optical and electron metallography. 
In cast metals and alloys of the solid solution 
type, the new crystals forming during poly- 
gonization, after full solidification, should be 
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formation of 


distinguished from the others 
ies have a great effect on the 
cast alloys to the different 
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structure 


heir boundar 
tendency of the 
types of inter 
they are mucro 
density of incomplete 
therefore with 
the highest probability of microcrack forma 
tion and 
become 


crystallization and 
because during coo yr, they may 
enriched by certain elements causing 
brittle intercrystalline failure. 

The formation of cube texture in an iron 
silicon alloy Chou Par Wang Wien-min, 
and ( hen Neng-kuan (Acta Phys. Sin., 1960, 
16, , 155-159) Lron with 3-25°.Si was used 
( ny "te xture can 
primary or secondary crystallization processes 
and conditions are indicated. Magnetic torque 
measurements show the amount of 1G0 
001} texture to be oO 

The importance of the structure of iron 
phases in the cma og of cast iron | 
Scheil (Giess. Techn. Wiss 1459 26), Oct., 
1455 


cussed, 


4 hsin, 


be developed | either 


1458) The 
and the bel 
the liquid and cer 
Mechani 


sas a prelin ary stage i 


structure of raphite 


reviewed 
molecule 
tion of graphite is discussed, and the greater 
difficulty of nuclea 1 from y-solid solution 
compared with the melt is shown the 


and verified by reference to | 


oretically, 
iblished results 

Contributions to the study of austenite re- 
crystallization in overheated a B. Roten 
stein and N. Dragan (Re vine Met 
1959, 4, (2), 131-143) [In ; 
mental findings have shown that rec 
tion in previously 
also noderate rates of 
200°C/min) used for the 
tion. Recrystallized a 
preserves this grain size over a wide range of 
temp. between 900 and 1050°. No connexion 
was found modification of the 
austenite of the usual 
heating temp and that as a function of tl 
temp. at which the austenitizing of the 
heated steel was carried out before the 
quen hing. 

Rolling and recrystallisation texture of 
transformer steel H. Moller and H. Stablein 
(Techn. Mitt. Krupp., 1959, 17, (3), 162-164 
The radiographic method used is described, 
which can be applied to the 
crystal 
mens. 

Metallographic study of cold-rolled low- 
carbon steel sheets. 1. Fragmentation of grains 
in cold-rolled low-carbon steel sheets. 11. Geo- 
metrical study on ferrite grains and pearlite 
colonies in cold-rolled low-carbon steel sheets 
M. Osawa (Nippon Kinzol 159, 23, March, 
145-149; 149-152) I. Comparison of the micro- 
scopical and external appearances of sheets 
shows that pearlite colonies and ferrite are 
split into smaller grains by cold-rolling, the 
grains more so than the colonies (12 refs) 
II The observed mean dis 
colonies, and the degre 
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ustenite with a fine grain 


between the 
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ances 


between 
of elongation of 


colonies and grains are much different from 
estimates made from the chang 
of the specimens. There is a linear relationshi; 
between the logarithms of degree of elongation 
and the hardness of ferrite and vearlite 

The effect of the duration of the treatment on 
the phase composition of iron electrically 
hardened by graphite 8. P. Kolesnik (Fiz. Met. 
Metalloved., 1959, 8, (3), 470-472) Electric 
spark hardening of components by graphite 
affects the phase composition of the surface 
layer up to a duration of 6 min/cm®? for a given 
treatment during which time the phase 
sition and therefore the properties of the sur 
face laver change within wide limits. The 
hardening of components and instruments 
takes place between 0-5 and 2 
in the field of the 
period of treatme 
If therefore the gorously con- 
trolled, different results may be obtained. 

On the polygonized structure of iron 
aluminium alloy B. V. Molotilov (Fiz. Met. 
Metalloved., 1959, 8, (3), 463-465) The material 
investigated is a high-permeability alloy of 
iron with 16°,Al. After slow cooling between 
980 and 590° and rapid quenching at 590° the 
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alloy has a maximum permeability of 
Gauas/Oecrsted The structure was 
after electrolytic polishing in H,PO, 
trical etching. The structure was also observed 
by Lacombe and Bee = J. Inst. Met., 1948, 
74) and by Cahn (idem, 1949, 76) in Al and by 
Dunn and Hubbard (Acta Met., 1955, 3) in Fe 
Si alloys and by other inve gators in non 
metallic crystals. The formation of such a 

during the anneal after deformation 
connected with polygonization result 
ing in the formation of ordered systems of dis 
location caused by . 
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~aling mp 
Effect of hot working opnamane on the 
microstructure and mechanical properties of 
carbon steels Chang T'so-mei and Li Chien-hwa 
Acta Met. Sin 1959 Jur 4 154) Large 
austenitic grain size leads to non-uniform long 
grains, and banded and Widmanstatten struc 
ture Increase it 2 gr size lowers the 
eld pt. and imy al at 20°C. Tne 

! 


in cooling speed 


rease 
ing raises these 
parameters and room tet and 20°C’. For 


with different carb 


steels ontent rolled at 
1050°C, there is a critics reduction range 
between 0 and “ed for coarsening of austenitic 
yrain size. Keduction in the last hot-working 
operation ha > prea st effect k j 

Behaviour of carbide and nitride i in the trans- 
formation of carbon steels (. Asada, S. Nagata, 
ind K. Kato (Tetsu to Hagane, 1959, 45, Sept., 
1059-1061).—K.E.4 

Phase transformation in carbon steels sub- 
jected to high rates of heating G. 1. Fornin 
(Metalloved. Term. Obra. Met., 1959, (8), 54-55) 
The experimental apparatus was described in 
Zavods, Lab., author. USA 
(0-83°.C, lamellar pearlite structure) and U10 
(0-99 ( 


1958, (1), bv the 


» pearlitic grain-structure steels were 
investigated. Curves have been plotted from 
the readings which show that the 
tion takes 
morphous transforn 


transtorma- 
place three stages; the poly 
ation of ferrite into low 
; the partial transformation of 
cementite to low carbon austenite (both these 
processes proceed to completion of the poly- 
norphiec and the 
entite in austenite 
Phase transformation in the iron- vanadium 
— M. I. Sakharova, L. A. Semenova, and 
N. Stetsenko (Izvest. AN Metallurg. i Topl., 
4-4 5), 135-138) Structure and magnetic 
properties of the Fe-V alloys hav: 
investigated and as a result the exister 
second high temy magnet 
has been 
about 
cubic lattice. 
_ The kinetics of the martensite transformation 
in iron alloys W. 8. Owen and A. Gilbert (JJSJ, 
1960, 196, Oct., 142-149) [This issue]. 
Isothermal transformation diagrams for some 
Swedish standardized heat-treatable steels (. 
Molinder * Jernkont Tekn. Rdd 1959, 20, 
, 405-430) Steels SIS 1, 1672, 2120, 2225, 
2244, 2530, 2534, 2536, 2541, and 2940 
laboratories and the 
sare snown 


carbon austenite 


transtformat: the ferrite 


final solution of the cer 


been 
ice of a 
3-phase) 
point at 
centred 


phase 
establis ah 1, with a Curr 


200°C, erystallizing in the face 


2234, 
were tested in several 
agreed 7'7'T diagram 

isothermal transformation diagrams for four 
Swedish standardized spring steels (}. Molinder 


*Jernkont. Tekn. Rdd., 
164) Steels SIS 14, 1770 
are reported on. ¢ 
ments are 
shown. 
Differences in the process of carbide forma- 
tion at the boundaries and within the grains 
L. G. Orlov and L. M. Utevskii (/zvest. AN 
Metallurg. i Topl., 1959, (3), 132-134) Eleetron 
microscope investigations have shown that in 
spite of the fact that for the growth of the 
particle of special carbides a diffusion supply 


1958, 20, (248), 155 
2090, 2230, and 2231 
and heat treat- 

diagrams are 


Jompositions 
indicated and the 


of carbon and chromium is necessary, the con 
ditions at the grain boundaries are so different 
from those inside the grains that even a speeded 
up growth of particles there is ensured by a 
diffusion flow of chromium alone along the con 
tiguous grains, 

The nature of the toughening of quenched 
high speed steel in tempering P. M. Yushkevich 
(Fiz. Met. Metalloved., 1959, 8, (6), 896-903) 
The secondary hardening is not a result of the 
transformation of the residual austenite 
a consequence of the 


but is 
dispersion of the primary 
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and secondary martensite (dispersion harden- 
ing). The dispersion hardening due to the 
residual austenite is of secondary importance. 
The reduction in hardness during the initial 
period of tempering is accompanied by a non- 
diffusive expansion of the lattice of the 
residual austenite. 

Heterogeneity of cementite in ball-bearing 
steel K. Seto ( png to Hagane, 1959, 45, Sept., 
1001—1002).—-x«.r. 

Factors inflecnciag graphite or carbide for- 
mation in cast iron A. Bordes (Metalen, 1960, 
15, Feb. 15, 26-40; March 15, 78-80; March 31, 
94-96) These instalments of this lengthy 
article on graphite formation in cast iron dis- 
cuss the influence of cooling, the separation of 
graphite in austenite, the reabsorption of 
small graphite inclusions, and the reasons for 
the occurrence of the various kinds of graphite. 
formation. Then the question of graphite 
formation in white, grey, and nodular cast 
irons is dealt with. In each instalment there 
appear numerous graphs and structures of the 
different types of cast iron concerned.—F.R.H. 

The influence of titanium and nitrogen on 
graphitization of malleable cast iron Y. Ueda 
(Imono, 1959, 31, Aug., 719-723) Ti forms a 
nitride until all N, is used up and then forms 
TiC. The Ti =N produces maximum effect so 
that probably the nitride produces the graph 
itization. Preheating of the white iron, when 
N more than equivalent to the Ti is present, is 
also effective. 

The effect of C, Si, Mn and $ on the second 
stage of graphitization of cast irons S. Drapal 
(Hutn. Listy, 1959, 14, (12), 1064-1073) A 
detailed study was made of the graphitization 
kinetics in cast irons containing 2°-3-3-3%C, 
0-6-1-6°% Si, 0-4-0-7°. Mn, 0-08°,P, 0-14°S, 
0-06% Cr, and 0-016-0-030°,Al. Carbon has no 
effect on the formation and growth of ferrite, 
which is effectively aided however by Si. 
Excess Mn and 8 retard the If S is not 
fully combined with Mn an anomalous de- 
composition of austenite is observed. The ele- 
ments used as additions have a similar effect 
on the decomposition of pearlitic cementite as 
on the transformation of austenite.—P. F. 

On carbide precipitation by reheating in 
solution-treated austenitic manganese steel and 
the effect of a small amount of added, V, Ti and 
Zr Y. Imai, i Saito, and I. Nakazawa (Tetsu 
to Hagane, 1959, 45, Sept., 1100-1102) Iso- 
thermal and areenen heating pptn. dia- 
grams are given.—k.E. 

Transformation of austenite into oe ay 
at high pressures A. I. Stregulin and L. 
Mel’nikov (Fiz. Met. Metalloved., 1959, 8, (3), 
406-411) A special magnetometric apparatus 
is described to investigate this transformation 
at pressures up to 30000 kg/em?. The findings 
show that pressure considerably reduces the 
initial temp. of the martensite transformation 
and decreases ita effect. The isothermal austen 
ite transformation into martensite occurs more 
slowly at high pressures than at atmospheric 
pressure. 


process. 


CORROSION 


Caustic cracking of steel pipe H. M. Wilten 
(Met. Prog., 1960, 77, March, 128, 130) A 
letter. Examination of a cracked weld in a pipe 
used in unloading caustic alkali at ambient 
temp. and a pressure not greater than 40 Ib. 
showed main and minor cracks to be inter- 
crystalline. No evidence of corrosion was found 
in the inside of the pipe. 

An investigation relating to the corrosion of 
coke cars by spent ammoniacal liquor T. K. 
Ross, R. L. Cooper, and J. E. Meeks (Coke 
Gas, 1960, 22, April, 143-146) Corrosion of 
mild steel was examined and chloride was 
shown to be the main corrosive agent. 

Further experience of car radiator corrosion 
T. H. Turner (Corroa. Prev., 1959, 6, Dec., 41) 
Three new standards published by BSI for 
acceptable varieties of corrosion-inhibited 
ethylene glycol anti-freeze for water-cooled 
engines are enumerated, and experience of the 
author is cited to show that it is advisable to 
keep a car radiator filled with such a solution 
all the year round to inhibit corrosion. 

Corrosion problems in the petroleum industry 
og Ind., 1960, Jan. 23, 92-93) Symposium 
held Nov. 26-27, 1959, by the Corrosion and 


Chemical Engineering groups of the 8.C.I. and 
the Institute of Petroleum jointly. Corrosion of 
production equipment and gathering lines and 
its prevention G. A. Lee and G. A. Haines (92). 
Corrosion of marine structures and its preven- 
tion G. T. Colegate (92). Corrosion of tanker 
hulls and its prevention J. G. Robinson and 
K. Fleming (92). Developments in the protec- 
tion of storage tanks and pipelines H. B. 
Footner and P. W. Heselgrave (92-93). 
Corrosion problems arising in tubular vent- 
exchange equipment P. I. Gilbert (93). Corro- 
sion contro! in reticulations using salt water 
E. D. Dolan (93). Non-destructive testing L. 
Wilkinson and P. 8. Cotton (93). Developments 
in corrosion-resisting materials: metals G. L. 
Swales (93). Developments in corrosion-resist- 
ant materiale: | non-metallic materials H. 
Thomas and T. Loberts (93). 

Corrosion of parton tubes by residual weld- 
ing slag K. L. Moore (Corrosion, 1960, 16, Jan., 
26t—-28t) Severe and rapid corrosion of hydro- 
gen reforming furnace tubes in an oil refinery 
during high-temp. operation is reported. The 
attack was caused by the presence of residual 
welding slag and sulphur and by the reducing 
conditions prevailing. The best remedy 
against this type of corrosion was thorough 
sandblasting.—T. a. 

Corrosion in salt water cooling systems E. D 
Dolan (Corr. Eng., 1959, Aug., ii-x, supp. to 
Corr. Prev. Control, 1959, 6, Aug.) Corrosion of 
various parts of the systern and cathodic pro- 
tection methods are reviewed. 

Accelerated oxidation by vanadium pentoxide 
.. Fairman (Chem. Ind., 1959, Nov. 1, 1436 
1441) A literature with a section on 
corrosion (31 refs). 

Corrosion studies: calcining aqueous radio- 
active wastes Ic. J. Tuthill and R. F. Domish 
(Ind. Eng. Chem., 1959, Dee., 1471-1474) 
Stainless steel and other high temp. alloys 
proved suitable for construction of the double- 
kiln caleiner. 

Corrosion problems in heterogeneous nuclear 
reactors V. Cihal and I. Sekerka (Hutn. Listy, 
1959, 14, (11), 978-984) Corrosion problems 
arising in reactors cooled by high-pressure 
CO, and water are surveyed, and the condi- 
tions under which certain alloys are most 
effective are considered. Stainless steels of the 
18-8 type are suitable up to 360°C, but high 
Cr-steels (up to 31°),Cr) with a low Ni content 
(2-5°%) have a comparatively low corrosion 
resistance. Alloys of the Nimonie and Hastel- 
loy type are also suitable for use in water up to 
about 350°C.—Pp.F. 

The structure of the alloy layer in the reac- 
tion of —_ carbon alloys with liquid alu- 
minium L. J. Hitter, H. H. Stadelmaier, A. C. 
Fraker, ane R. G. Hardy (Z. Metallk., 1959, 
50, Oct., 27) It is shown that the alloy 
layer formed by the attack of molten Al on 
white and grey cast iron consists essentially of 
Al,Fe, and Al,C,; no trace of the ternary car- 
bide Fe,AlIC, was found by radiographic 
examination, but microscopical investigation 
indicates that small amounts of this phase 
probably occur in a narrow zone adjacent to 
the iron. 

The kinetics of the reaction of solid and liquid 
aluminium with iron T. Heumann and S 
Dittrich (Z. Metalik., 1959, 50, Oct., 617-625) 
Diffusion of Al in Fe is determined almost 
entirely by the behaviour of the 7-phase 
Al,Fe,. Its preferential formation is due to an 
abnormalls high diffusion rate, which in turn 
is attributable to the structure of the phase. A 
very high diffusion rate occurs in the direction 
of the C-axis of the phase, and the activation 
energy of the diffusion process is 13-1 keal/ 
g.atm. 

ao neg of carbon steel in ethylene di- 
chloride G. P. Maitak, I. A. Gutsev, and N. 8. 
Kozache he (U krain. Khim, Zhurn., 1959, 25, 
(4), 525-531) The investigations studied the 
corrosion of carbon steel in (CH,Cl), vapour 
and liquid and in its solution in alcohol (3:1 by 
volume) at different degrees of purity of the 
solvent, over a range of humidity and temp. 
Corrosion increases with temp. and diminishes 
with air admission. It is considerably more 
intense in the vapours of the boiling solution 
than in the liquid. In sealed ampoules in which 
the volume of O, from the air was limited, 
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corrosion was greater than in the liquid phase. 
After the tests the specimens exposed to the 
air rusted very rapidly. Aleohol and moisture 
increase corrosion appreciably, especially at 
higher temp. The presence of marble dimin- 
ishes corrosion. 

On the nature of the heat resistance of 
modified 12° .,Cr steels J. Koutsky (Hutn. Listy, 
1959, 14, (11), 951-955) Metallographic, 
chemical, and mechanical tests were carried 
out on 12°. Cr steels containing 0:13°,C, 0-14 
0-9°% Ni, 0-8-3-9°,W, 0-18-0-28%V, and 
0- 018 0-06°N, after various quenching and 
tempering treatments. The creep resistance is 
related to the precipitation processes observ- 
ed, and the effect of small amounts of \ 
Mo on their course is discussed.—P. F. 

Factors affecting the adherence of oxides 
on metals R. F. Tylecote (JISI, 1960, 196, 
Oct., 135-141) [This issue], 

Kinetic study of the oxidation of iron at high 
temperatures and under low oxygen pressures 
P. Belin (Corros, Anticorros., 1960, 8, March, 
96-112) A mathematical review in three sec- 
tions: (I) equipment and experimental meth- 
ods; (II) preliminary tests and examination of 
secondary factors; (IIT) analytical] study of the 
isotherm-isobars of oxidation. A new general 
method of analysis is described which is 
claimed to be applicable whatever the nature 
of the parabola followed. Armco and Puron 
irons were used. 

Studies on the metallurgy of silicon iron. IV. 
Kinetics of selective oxidation A. U. Seybolt 
(Trans. Met. Soc. AIM E, 1959, 215, Oct., 756 
759) The kinetics of the selective oxidation of 
a 3-2°.,Si-Fe alloy in H,O-H, gas mixtures at 
the dew point were examine ra over the tem- 
perature range 800-1 000°C, It was shown that 
the parabolic law was apparently observed in 
some temp. regions near each limit of the 
range studied, but a non-parabolic behaviour 
was noted at -piong temp. It is con 
sidered that this may be due to a lowered Si 
activity, due to partial Fe—Si 
alloy solid solution. 

The oxidation of iron-nickel alloys: U1. 
Kinetics - oxidation of three commercial 
alloys R. T. Ma ley and C. J. Guare (J. Electr: 
chem. aj 1959, 106, Nov., 936-940) Alloys 
with 30, 41, and 78°, Ni were » oxid zed at 600 
1000°C in air and in a 21:7%0,-78-3°.N, 
mixture, 1 


and 


S.H.-S. 


ordering in the 


A rate-determining process of cation 
diffusion through a spinel structure is appar- 
ently concerned. 

The study of the passivity of metals in 
inhibitor solutions, using radioactive tracers. 
Part 2: The mechanism of film growth 0. 
Kubaschewski and D. M. Brasher (Trans 
Farad. Soc., 1959, 55, July, 1200-1206) A 
theory of the log. growth of oxide fil 
which electron transfer through the film is the 
rate-controlling ster 

On the passivity of iron in hot concentrated 
alkaline solutions A. M. Sukhotin and K. M. 
Kartashova (Zhurn. Fiz. Khim., 1958, 32, 
(9), 2068-2072) The passivating film of iron in 
a 10 nN NaOH solution at 80° as well as in acid 
solutions consists of Fe,0,. The passivating 
action is due to a very thin surface skin, 
although the film may attain appreciable 
thickness. The characteristic features are 
determined by the electrochemical properties 
of the film. 

Atmospheric factors affecting the corrosion 
of steel P. J. Sereda (Ind. Eng. Chem., 1960, 52, 
Feb., 157-160) Exposure tests on steel sheets 
were carried out and correlated with temp., 
SO,, and surface moisture. The results can be 
used for rating inland exposure sites. 


Study on the atmospheric corrosion resist- 
ance of low-alloy steels. I. Effect of composition 
of steel on the atmospheric corrosion resistance. 
il. Properties of the copper—phosphorus steel 
plate K. Horikawa, H. Kubota, T. Oosuka, 
and M. Kotaki (Tetsu to Hagane, 1959, 5, 
Sept., 1092-1094; 1095-1097) I. The outdoor 
testing station at Kawasaki Works is described 
and data are given for the loss in wt. of 16 
steels (analyses given) in industrial atm. over a 
three-year period. IT. Steels containing approx. 
0-4%Cu. and 0-08%P show roughly one-fifth 
less loss in wt. in industrial atm. over a two- 
year period.—kK.E.J. 


ms ir 





Atmospheric corrosion-resistance - electro- 
deposited nickel and chromiom Mond Nicke 
Co Bibliography Ne 9/1, 1959, July pp.ob 

Estimating corrosion rates in water \\ 
Stumn Ind. Eng. Chen 1959, 51, Dex 
1487-1490) Measurement and internpretat 
of polarization resistance is described 

Research on the resistance of tinplate to 
corrosion S. ©. Britton and K. Bright (Che 
Ind., 1960, Feb. 13, 158-1 Work of the 1 
Research Institute is outlined. 

Experiments on the corrosion of nickel- 
plated steel sheet in the a: air b. Raul 
Elser, and G. Sehmidt (M/s herflache 

13, Oct., 330-336) It 1 mice 
ditions examined that terre with a 
mediate Cu laver (pro. ded 1 that the 1 


as foun rth 


polished ave lx 


ys10n the 
pia t 


pheric corr 
OH steel 


resistant to corrosio 


when 


The corrosion of austenitic stainless steels 
under heat transfer in high temperature water 
)- N. Wank! vn and D. Jones (.J. Nuclear Mat 
Last v, 5 73 veel er 
| H t \ “a ld t I ot 


KOH has influer es] ally wh } 
and it may be m« avyre e th NaQH 
——s corrosion of metals It. T. Allso; 
Ve tallurqia, 1959, 60, Sept., 87 
influencing fretting corrosior 
and methods of reducing or elit 
damaye are discussed with 
literature (30 refs 
Underwater corrosion of steel International 
Paints (Propeller, 1960. (4), pp.4) A 
of conditions for corrosion and control with a 
note on proprietary primers 
Corrosion studies at the National Chemical 
Laboratory; immersed corrosion investigations 
2 (Corros. Prev., 1959, 6, Dec., vi-viii) An 
extract from the 1958 report of the Labora 
tory, dealing with the investizgati 
sion of metals in 


liscussior 


m of corro 
flowing water, 
Seotch 


and of mild 
marine boilers, and 
electrochemical tests on immerse 
on steel 

Corrosion factors affecting the choice of 
stainless steels for chemical plant H. | 
Shirley (Chem. Ind., 1959, Dee. 5, 1953) A 
report of a lecture 

Selection * alloys for refinery processing 
equipment A Freedman, G. lisinai, and 
E. 8. Troseinsc (Corrosion, 1960, 16 Jan., 
19t-—25t) The need for a corrosion testing pro 
pring and the metallurgical requirements 
for structural materials for re 
equipment is stressed.—T.a 

Corrosion as a design problem S. G. Clarke 
(Chem. Ind., 1960, Jan. 23, 84-89) A lecture. 

Influence of the silicon in cast iron on corro- 
sive wear RK. Graham, 0. S. Prado, N. H. 
Collins, E. A. Brandes, and H. K. Farmery 
(Proc. Inst. Mech. Eng., preprint, 1960, pp.10) 
Cylinder liners for Diesel engines and specially 
cast specimens were 


steel tubes in 


d paint films 


finery processing 


examined for corrosion 
and erosion, and engine tests were also carried 
out, 

Corrosion cracking of stainless low carbon 
steel B. V. Linchevskii and \ Romanov 
(Doklady AN, 1959, 129, (5), 1020-1023) The 
rate of corrosion of KhISN9 steel in boiling 
HNO, and its tendency to intercrystalline 
corrosion after testing in a solution of CuS¢ Ms 
H,SO, with copper chippings have been 
studied in a series of experiments and the 
results are tabulated. The findings show that a 
change in the carbon content from 0-1 to 
0-0146°,, has no appreciable effect on the corro 
sion resistance of this steel and to cracking in a 
42 solution of MgCl,. 

Resistance of certain steels to cavitation 
corrosion M. G. Timerbulatov and G. I, 
Babushkina (Metallov. Term. Obra. Mat., 1959, 
(8), 5-12) Structural, tool, stainless Cr and 
Cr-Ni austenitic steels have been investigated 
for the effect of hardness on the losses of 
naterial due to cavitation and on the depth of 
erosion. Certain tool steels, which were ter 
pered at a low heat after quenching for a hard- 
- 330H» show great resistance to cavita- 
tional ¢ 


ness 


rosion 


The effect of polarization on corrosion crack- 
ing o metals \. \ klad 
, 129, (4 
ations of the effec 
ceTacnkKil 
iM 


if tin enleeielne ur 
The application of Faraday’s Law to the 
~—_ of the anodic Gestation of metals \! 
oment (¢ 15! 
< “ meth 
form 
investigation of the kinetics of the electrode 
processes occurring in metals dissolving in 
acids. _ Nickel in sulphuric acis \ I 


and 


they sh 
values 
on the N 
Anode polarization of high carbon steel in 
sulphuric acid G. P. Maitak (Ukrainsk. K/ 
Zhur., 1959, 25, , 385-391 The a 
polarization of high carbon steel in sulpt 
acid (fro 10-86 was studied | pl 
volt amp. curves for current densities betweer 
0-065 to 100 a/dm*. A pronounced hysteresis 
between the forward and reve 
the curves was observed 


| discrepar 
to the 


urface 
surtace 


rse direction of 
Curves plotted with 
increasiny current strength 
ing branches joined by 


consist of two ris 
a plateau corresponding 
to the limiting current strength conditior 

the 


the abscissa 


passivation; the reverse « 
without jurmps in the direction of 
the second rising branch of the first curves 

Effect of 8-quinolinol additions on the rate of 
solution of iron and aluminium in hydrochloric 
acid I. E. Titova (Zhurn. Fis. Khimii, 1959, 
(10), 2173-2177) The dissolution of Fe and Al 
in 0-51; 1-06; 1-69; and 2-28 w HCl with addi 
tions of 8-hydroxyquinoline in a range fron 
0-001—0-04 mM has been studied. The oxine was 
found to be an inhibitor for the solution of iron 
and its action increased with increasing con 
centrations As regards Al however, these 
additions could either accelerate or retard 
dissolution according to concentration. This 
behaviour may be explained by the chemical 
properties of the oxine and by those of the iron 
and Al surfaces. 

Rust preventive properties of nonylphenoxy- 
acetic acid in some petroleum products kk. M 
Pines and J. D. Spivack (Corrosion, 1960, 16, 
Jan., 16-19) Laboratory tests are described 
which indicate nonylphenoxyacetic 
an effective corrosion 


irves approach 


acid to be 
inhibitor for 
metals in a variety of petroleum-bas« 
rhe inhibitor effect \ 
non-aqueous 


ferrous 
fluids 

ous and 

systems under static and dynan 


vas found for aque 


ic conditions 

Modern methods are winning battle against 
corrosion (/nd. Fin., 1959, 11, Nov., 26-27 
Details are given of the Corrosion Section’s 
Exhibition at the Oct Days at the 
BISRA Battersea Laboratories. Recent advan 
ces in the prevention of 
water, and soil are summarized, and improved 
testing and control appar described 

Cathodic protection of naval ships and struc- 
tures (Annual Re Defence Standards Labora 
tory, Comme hosts ’ ustralia for the year 
ended June, 1959, 50 
the nat vear in both laboratory and ship trials 
are deseribed. The preservation of steel (5! 52 
The effect f vari« 


lot 
lates, subse 


, 1959 Open 
orrogsion in air, sea- 


atus 18 


results obtained in 


} 
is pretreatments on steel 
l juently weathered for 

n onthe were studied, both in terms of preser 
vation of the 


ip to 10 
steel, and of the 7 ormance of 
finishing schemes on freshly applied prir 


coats as compared witl eathered prim 
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its. Electrode potential studies of oy iron 
in solutions of sodium nitrite (52) Th 

atterr yf th ! i NaNO 
attalr i 1 ner 

Corrosion erotection of steel ‘structures by 
eo surface preparation antirust paints 

Wahl (V DIZ, 1960, 102, ril 2 67-46 


$/ 

‘Chromate ead ‘pbeephate treatments for 
corresion Bt gare ry D. J. Fishlo 
Pr 6, A $2 


vw of treat 


f il 
errou 


Combating ‘the eonantany =, of steel 
I D ' Pp 


»w 
vite 

Ca) should 
ladle, and 

duced are about as 


t to the 


numerous as in a teel protection is satis 
factor 

Greases to prevent fretting corrosion N. A. 
Searlett (Engur 1960, 189, March 25 
$24-425 Ar account of research b the 


Shell ¢ 


eering, 


Internal cathodic protection: 5 further 
problems involving closed rectangular boxes: 
the use of five anodes ©. Plumpton and C. 
Wilson (Cor Pre 1959, 6, Dec., 34-40) 


Theoretical and practical aspects are discussed. 


ANALYSIS 


The opening up of iron ores difficult to 
dissolve in acids ©. Quadrat inal 
1959, 4, (1-2), 405-408) A KOH 
method is described 

Solvent extraction in ferrous analysis W. §. 
Clarke (BCIRA J., 1959, 7, Oct., 813-823) 
rhe principles of solvent extraction separation 
are outlined and their application in ferrous 
analysis is discussed. Some procedures devel 
oped in the BOs A laboratories are described, 
these techniques may also be app oe to ferro- 
alloys, slag nae eta like (35 refs) 

An expedient for promoting the alkaline 
fusion of ferrosilicon L. P. Shevach (Chem 
inalyst, 1959, 48, Dec., 104) Filter paper is 
added to the fusion mixture 

Purity of alloys checked by vacuum fusion 
analysis (Steel, 1959, 145, Nov., 23 82) A 


method of analysis is 


Chemia 


NaOH 


’ 
described f wr checking 
the gas content of alloys used in steelmaking. 
Samples are vacuurn melted; H, and O, con- 
d accurately, but the N, 
measurement is unreliable due to reaction with 
the metal.—pD.L.c.P. 

Oxidation of phosphorus during the de- 
composition of a cast-iron by acid (Ann. Rep 
Defence Standards Lab. Auatralia, 1959, 
10) Though hypophosphorous ac 
ally unaffected by dil. HNO, even in presence 
of ferric salta, vet up of the P content 
in iron appears as H PO, on solution. HCl 
gives up to 25% as oxy-acids, one-third of 
which is H,PO,. Mechanisms are discussed 

Amperometric titrations H. A. Laitinen 
(Anal. Chem., 1960, 32, April, 18S0R-185R) a 
review for 1958-9 (133 refs 

Volumetric and gravimetric methods for 
inorganic compounds F. E. Beamish and J. A 
Page (Anal Chen 1960, 32, April, 249R- 
261R) A revi for 1958-9 (247 refs 

A standard electrode usable up to 1300°C 
M. Rev and G. Danner (Sil. Induat., 1960, 25, 
Jan., 19-22) The classical standard electrode 
silver silver salt has bee »dified in 


» at high ter 


tents can be measur 


June, 
id is practic 


to 80 


design so 
as to render it amena 


e.g. in the determinatior 


October 1960 
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during the electrolysis « ‘ ubs nees, the 
deternynation of tree em it and othe 
thermodynamic characteri , 

A new ‘pager- ehromaheqregiiie “quantitative 
determination of iron in presence of other ions 
KF. Baykut (Rev. Fac. Se ly Istanbul, 1959, 
24, Jan.April German | The 
method will determine 5-30 y. 

Polarographic analysis in a medium of fused 
borax. 3. Polarography of iron, cobalt, and 
nickel Yu. K. Delimarskiiand K. M. Kalabalina 
t Zhurn., 1950, 24, (4), 435 


iour of iron, 


R86) Ir 


trode 
llnea;r 
liffusion re 
dissolved oxide 
relation between diff 
from which th wt 
aleulated 
On the determination of hydrogen in steel- 
making slag M. Imai, T. Nakayama, Hi 01 
and T. Emi (Tetsu to Hagane, 1959, 45, Sept., 
1080-1082) The arrangement of apparatus an 
the vac usion furnace are described 
en for various OH and ele« 
min H, 
and slag during the refining of 
steel is plotted K.E.J 
Study on the vacuum method of taking a 
sample for the determination of hydrogen in 
molten steel S “ kawa and , Nakagawa 
(Tetsu to Haq 1959, 45, 
Phe sampling apparatus is des oribed, 
ffects of the sampli method and the positior 
f the analysis are disc a K.E.J 
Determination of oxygen in steel by the con- 
densation sapeneamies method . VPanoue and 
S. Inoue (Tetan to Hagane, 1959, 45, Sept 
1076 1078 The method ts ad ribed ind 
reproducibility fig 


tion to me 


tents are i 


furnace slags, and the variatu 


1078 Losa 


for its applica 


stainless 


ures are givet 
dium-carbon steels 
Results are compared \ " ho fron the 
gel Orsat method 

Alcoholic iodine method ‘for the determina- 
tion of non-metallic inclusions in steel 
Kammori and |} Futamura (T'etsu to Hag 
1959, 45, Sept 1072 1074) The method 
compared with the Gakushin meth 
AI,O,, FeO, and Mn in three typ 
low-carbon steel, to agres 
vac. fusion method for total oxy 

The simultaneous determination of carbon 
and sulphur in steel ©. bb. A. Shanahan and 
R. H. Jenkins Vetallurqia, 1960, 61 Jan 
43-47) An method using , at 
L2SO ¢ 


Spren 


SiO, 


ind is shown 
vith the 


oxidatior 
is deseribed 
Qualitative detection of cobalt by eee 
tion chromatography |i. N. Go 
Oshchanovskil, undo oON N —— akova 
Ukrainsk. Khim, Zhurn., 1959, 24, 1 
$04 It has beer that it ‘a been 
possible to detect traces ¢ o** in the 
f large amounts of Ni, Fe, Cu, Mo 


pitation 


lovatvi, 


presences 
V by preci 
tography The best 
vas found to be 2-nitroso-l-naphthe 
arrier, and ‘anionite’ ‘R¢ 


solution or? troso 


absorber 
| without 
gnated with a 
}-naphthol. The mir 
detectabl juantit is 0-060 ugina drop 
Co:Ni of 1:50 \ y 
for determining Co tn Ni salts is also described 
Photometric determination of cobait in 
nickel alloys and steel K. L.. Cheng and F. J 
Warmuth Chem fnalyst 1v50 48, Dee 
96-97) Nitrilotriacetic acid-perborate is used 
with anion i 


mipre 
mun 
witha 


ratio of colorimetric method 


exchange separation 

, emg determination of manganese 

Sympson and V. E. Caldwell (Chem 

in i. 1960, 49, March, 19 Jt) The 
ethvlenediaminedi ‘ers 
acid) is de 

Polarographic ‘study of mt ig a 
tium and ae R. Colts 1. Dalziel, P 
Ciriflith id G. Wilkinsor 1960 — 
71-78 

Photometric determination of molybdenum, 
in the presence of tungsten, as the molybdenum 
V)-EDTA complex !). Lassner and R. Scharf 
Z. Anal. Ch , 1959, 168, (1), 30-33, reprint 
The vellow Mo®* EDTA chelate can be deter 
rommed in the g Moin 250ml 


filter photormet rin the vive evion 


mxVpher 


seribe 


VI S 


range 2 501 using 
4 Simple 
Relative 1—~3 average dos not 


nterfere even with a 500-fold excs 


error 1s 
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The complexometric titration of molyb- 
denum-! ii. Lassner and R. Scharf (Z. Anal 
1959, 167, (2), 114-117, reprint) Mo 
s determined by back-titration of a measured 
excess of EDTA with PAN as 
naicator., 

Colour reactions and paper chromatographic 
Studies of yttrium and zirconium ©. Kallis 
tratos, A. Pfau, and B. Ossowski (Anal. Ci 
icta., 1960, 22, Feb., 195-190 

Polarometric determination of zirconium 
IV) with tartrazine Gi. Popa, D. Negoiu, and 
Gi. Batuleseu (Anal. Chin j . 1960, 22, Ket 
200-202) U does not interfere 

Contribution to the chemical analysis of 
ordinary and special steels ©. Vandacl (A7'2 
Wét., 1959, 1, (8), 221-224) Notes on the deter 
mination of As, Cu, S, Si, and \ 

A study on leaded free-cutting steels. V. 
Determination of lead in leaded tree-cutting 
steel by the EDTA method Y. Honda and T 
Adachi (Tetsu to Ha pares, 1968, 46, 8 pt 1065 
1067) The limiting amounts of Fe, Cu, Ni, 
Mo, Mn, Al, and ‘Ti which produce no interfe 

nee are determined. Vi. Determination of lead 


Chem 


Cu soln., with 


in leaded free-cutting steel by the fluorescent 
Muragi, Y 


Vakahashi, ‘I 
1067 


X-ray analyser | 
Honda, and T. Sue 
ind method are described K.} 
“Colorimetric determination of Je preere in 
irons A. K. Babko and N. V. Luto 
Ukrainsk. Khim. Zhu 1999, 25, 
ethoc ol ! 


LOGS) The 


thre m 
aphthol, after 
In the aqueous 
r the analysis is 20) 30 mn 
Polarographic determination of magnesium 
in spheroidal graphite cast iron J. Marcir 
kowska (Pre. Odlew., 1960 10, 2). 53-57 } 
ographie method for magne 
vends matniy on the 
itabl olution 
itation ¢ 
quinoline After adding hvdroc! 
the precipitate 
duced is determines volar 
letails of the analvs are given and the 
vas found to be 3.5 Vl uly 
method is tts speed and accurac 
Study on the colorimetric determination of 
tin in tron and steel. 1. On the interference of 
vanadium in the JIS-Cacothelin method, and 
its removal S. Morita and N. Inoyvama (Tetsu 
» Hagane, 1959, 45, | Sept., 1070-1072) Details 
Ne interfe rN il ie deter 
of tin, an gy this 


h 
phase 


f the sample 


wid the ecu of magnesit 


hvdroxvauinolinge 


raph ally 


antage of the 


serious 
tnination 
ussed K.} 
Emission spectroscopy |}. 
Chem., 1960, 32, April, 229R 
1958) 1959 (282 refs 

Accuracy in epaetoomneaneet analysis .\ 
\rrak and A Mitteldort 1; SN pect 
opy, 1959, 13, (4), 85-91 

A low-voltage spark source for spectro- 
graphic analysis P. Hrdmann and K. Picard 
Techn. Mitt », 1959, 17, (3), 146-149) A 


leseription and cireuit diagram at iven o 


are disc 


Arup} 


spark wrator which is centrally con 


itivibrator impulse transmitter 
which the frequency can be reg 
between | and 200 Hy? 

has similar propert | 

Bunge Spectrochi» 

140 but has sin p slified ele 


is capable of s 


by am 


tinuously 


piving relat 
lischarges 

Application of the quantometer to production 
control in steel making onda and K 
Mizutani (Tetsu to Hagane, 1959, 45, Sept., 
1063-1065 I} method ba { o1 th 
spectral lines of Fe, Si, Mn, Cu, Ni, Cr, and 
Mo.---K.E.4 

Spectrographic determination of carbon in 
low alloy steels and in heat resistant alloys * 
the vitaliom type F. Malamand (2é 
leronautique, 1950, (15), 39-43 
$50 f Royal Aircraft Establishment, 
Feb., pp.lo 

Stylometer determination of sulphur in 
certain types of steels and welding joints .\. 5. 
Dem’ vanchuk (Zavods, Lah., 1959, (12), 82-84 


seribye fo terminin 


October 1960 


standard stylometer Sl 
lj and the analyt 
ompari 


Che exper tal 


Spectrophotometric determination of molyb- 
denum with 9-methyl-2:3:7- -trihyéroxy- -6- auee- 
one A. K. Majumdar ana C. & Sa 
Chim, Acta, 1960, 22, Feb., 158-162 

The simultaneous eon deter- 
mination of copper and nickel in ows ~alloy 
steels M. Freegarde and B. Jones ’ 
1959, 84, Dee., 716-719) Biseyc/ol 
»xalyl dihvdrazone is used f 


ethvlbis »-tetrazolvla; wetate for N 


Spectrochemical determination of 
amounts of aluminium in steel / 
S. Mivos l'etsu to way 
L070) Anal 
svnthetie standard and pr 
taining Al betweer 0-3 
Determination of — amounts of special 
elements in cast iron. Spectrophotometric 
meee of small amounts of zinc in cast 
iron K. Ot 1! re 
160) 164 


small 


LOGS 


A solution cieninaiens for the spectro- 
chemical analysis of oxide inclusions in Steels 
s Meyver and ©} ¢ Koch *N 
Icta, 1959, (8), 549 

ind sparl i 
nitrate 
ket) 


MnO, Cr,QO., 


Studies on analytical methods tor trace 
elements in metals by using radioactive isotopes. 
til. Determination of tantalum by means of the 
isotope dilution method. IV. Determination ot 
aluminium with the calcium- — type ey 
caenengey H. Amano (Se 

1a50 A, ‘a, ai 
English} LIL. The det 
la was separat 
pH I Sand at Ta’Nb 


or ratios of L100 or 1 


hoku Uni 


S74 In 


needed I} recon 

its for Tat 

was determined radion 
nple solution to pH 3 


‘hang 


wecurate res 


etric 


a cation exe r 
ted radioactivityv was 
Fell, Mg, and NH, 
tesults for Alin carbon a 
photometric results K.E.J 
Direct determination of aluminium in iron 
ores after the simultaneous elimination of iron 
and titanium by extraction I. (i. Zhin 
Us ns. Khim. Zhur., 1959, 25, (2), 245 48 
The lim widity for the tint tor f 
her roviphenvihy droxvilamine wi 
of the third and fourth 
been detern 
the extraction 1 oO 
rroduets. Th thod is applicabl 
paration of Ti and Fe fror Al | 
extraction with chloroform 
Determination * snaee in metals and —- 
Innual ep ) Defence 
( ” nwe lt) f Aust? 
1959, 9) The 


its of 


snalyvtic 


ipparatus for " 
and the work being dorm 
this apparatus I | 
1. Oxidation of phosphorus during the 
decomposition of a cast iron by acié 10) D 


the oxidation pro¢ 


r metal witt 


alles in 


etal surface 


Spectrographic analysis 





Study on the chemical analysis of basic slag. 
iil. Determination of P. ,0,, Gr 0 and V.0O. in 
basic slag S. Waka to H ne, 
1959, 45, Sept.. 1075-1076) Recommended 
volumetric metl Determination of sulphur 
in basic slag t 64-1168 

thods a i bed, | th 


Determination of suiphur in basic slag by the 
combustion method. t!. Determination of 
sulphur by tadustion heating ne KIO 
titration S. Ma va and ¥ ' 

Hagar 1959, 45, s pt., 1062-106 Cood 
wr tis four tl I tr rhietl 

r ( iH. eleetr 

Bain. nove analysis of slags 


( 


1949, 4, 


rdditio cy 
x " 10) sex 
The analysis of waste water from mag 
electrolytic pressecss \ K 


H. Hars , 1959 13, Oct 


of cyanide in effluents 
r. W ' lr f 


Gas analysis \ 
1960, 32, A 4] 
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INDUSTRIAL USES AND 
APPLICATIONS 


, Matertats for springs 
n Eng., 1959 bm \uy 
Carbo te 1055 
i hard-drawt 
wire, and LOYD I hh -¢ 
2680S Mr i8-4—1 tox 
$14, and 17-7 PH stau 
nateri are ir wed 
Senos of steel types by the Deutsche 
Bundesbahn for rolling stock and equipment 
from the DIN specification on 17100 Common 
Structural steels Heckne: 
1960, 92, April, a ' in railwa 
! of steels o in DLN 


jin atabl 


Schine 


ther with tl ' ation 
Materials of construction: iron, carbon steel 
and alloy steel hk. W. Vander! ind KE. H 
Phelps (Ind. E) he 1959, 51, Sept 
Part Il, LI7S8-1 nnual st ‘ 
of materials of construction and impr I ts 
luring the y ted (107 1 Stainless 
steels and other terrous alloys W. A. Luce and 
T. H. Peac Kk (12 12 16 f 
Fiat polished steel for auto bumpers: 
} 1960, 7, Mare} 
» Michig stallat 
SiN belt. polial 
inufacture f bumper 
Achievements to date in light- gauge as 
construction |. \\ 
1954, 36, \ ig Sept sa5 


¢ ve treatment 


108-111 


600) Wi ‘ 

The contribution 
of sueeen in Govetaping the use of cold- rolled 
sections in buildings !t. \i. Ix \.H 


Cc} r (60]-¢ ‘ ( la 


Problems of design 
associated with the use of cold-rolled sections 
tor strectural purposes i). & ) 4 


6 


a f 


Advancements in steel storage facilities J. «> 
} 1 / | if } { ; ) Z. 


March, 365-37 D> 


‘Steels tor steam generating plants K. Kr 
B 1460, 12, A 


Low-alloy ferritic steels for the manufacture 
of tubes, a and a tor power plant 
| La KF { 

14, (12), 


1959 
LOOT 10909) Ste as pI 


I 


New ow -alloy steel for —— boilers 


ha ~ 


The eateuiation of satety factors for steam 
boilers in operation | BB Hut 
1950, 14, (12), 1169 11 | 


“The use of austenitic steels in the new paneer 
— at Hils \. 1 


ty 


Steels tor large forgings and castings for 
steam turbines as used in the V.I. Lenin works 
7 1 ' i I Hi fy ; ; pepee 


1o2 


S| i , PF 
The dovelegment of modified 12° Cr steels 
for steam turbine castings | and a J 


Kout Hi / t 14 L105 


"Selecting "materials ‘for 
filters H. J. Whee i ! 
50, Ni bas. 109 ta t ’ 

S0°F as t 
Efficiency in the “ of cold- oe wire 


high temperature 
J ) , kena 


1u5u 


ur 


apy 
= oe Mra ogre of wire ropes 1) 
! Db 1 Sept ts4 


188 


Steel wire for wire ropes | 
1954, 10, Sept $71-475 
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Structure, testing and appraisal of high- 
strength scraping and transport chains tor use 
in mines \\V. 5S , 96, 


\ " ‘ HH 


New uses for stainless steel 
\ , i960, 77 \ 


' 


equipment of stainiess 


Household steel 
| f , / lech. 


fir Ve, 1959 \ , 206 \ 


Stainless steel sections tor decorative oar. 
nee i f 


r 


wo 


Sheet materials for high temperature service. 
Properties and application of 17 7 pH and other 
precipitation-hardening stainless sheet steel for 
ysahigae ead I WW. Whit 

959, ) Th rt 1 j ‘ 
not t 1 

i Ceramic coatiags for protection of high 
yg meng materials N. Ca >» 36 
A res 

! Electrical strain measure- 

ments at high pep gt I. kk. Sta 37 50) 
ribed, 

il it ! i i anc i 

tr The ‘cold roll- ‘sereieg | process and as 
angtes 4 semi- ae stainless steels | 

os i i thei 

ractet t A \ t 4 nd 
comes and inspection of joints . J. 4 

69 74) A t th und 


Study of high- -boron alloy steels tor ror a 
reactors \I. | N } 
ind J Hi 


The | use ot sheet in nuclear mage 4 2 sel 
tions F. Pracht 
fh 


HH Ou 


Constructional materials yd supersonic air- 
craft and rockets li. |’ 
1960, 15, Apr ; 310 


Present and future of metallic materials used 
in the manufacture rad aircraft and aircraft 
aoae? LG. 4 / 150 , 36, 


High strength steels tor aircraft (4 


tal 


d Steel Institute October 1960 


ron ar 





248 ABSTRACTS 


Vay 1958, 1959, pp.St). Chromium ultra high 
strength Steels J Hamaker jun. (1-15) The 
proj erties of { steel at ordinary and high 
ods of fabrication, surface 
protection d ty al parts are described. 
The steel surpasses Ti allovs in the range 400 
1000°F (17 refs). Steel castings in airframes 
J . Dietz (17-20 A bref survey of the 
of castings over forgings and weld 
ments. The use of a forgings at high a 
levels C.F. Moeller (21- 29) Defects, heat tree 
u nt, 


after austermperu 


temperatu 


advantages ¢ 


and mechanical properti¢ casuals 
vith 

enched and tempered specimer are con 
sidered. 4340 and 5°,.Cr steels and others are 
included. Materials for hypersonic weapons 
J. J. Russ (31-40) Material 
are reviewed with special * to trans 
verse properties. Machining and “fabricating 
te strength ~~ P. S. Kikeli, F. Farago, 
‘ I kk. Greenough (41-51) A 
fies ission of rious ope 
milling and cutting. Embrittlement of high 
strength steels . PV. Klier (53-67) Notch 
properties an i their measurement and hy = 
gen embrittlement and 1 idual stresses ¢ 
considered (15 ref Acceptance testing of high 
strength steels S. (ic« an (69-76) SAE 4370, 
$330, HS-220, and Hy uf (respectively AMS 
6415, 6427, 6407, and 6418) are compared. 
Their properties ar riven and methods of 
testing indicated and discussed. A practical 
application of the Holloman Jaffe parameter to 
the tomporing of Type 410 stainless steel ©. | 
Lew 77-81) Heat treatment of drill steels 
for oi! wells is discussed 

High-strength steels for missiles and space- 
craft G. K. Bhat (Met. Prog., 1960, 77, April, 
68A-68B, 151A, 152, 154, 156) Special prob- 
lems it iluation for production, 
, and impact strength 


ls including steels 


reterenc 


;. Gaul 


rations with notes on 


missile 
stress Corrosion resistance 
abstracts of 
‘High- 
held in 


are among the topics discussed in 
papers presented at a conference on 
strength steels for the missile industry’ 
San Francisco in Feb. 1960. 

Design information on 5 Cr alloy steels for 
aircraft and missiles F. R. Morral, R. J. Favor, 
and W. P. Achbach (PB 151072, 1959 — 

».48; from US Res. Rep., 1959, 32, Dec 

A summary of H-11 type steels. Shoat 
treatment, melting practice, and corrosion pro- 
tection poor) fabrication are discussed. High 
temp. properties are collected and evaluated. 

A new steel for aircraft and missile honey- 
combs A. ©. Gilbraith (ASTM Bull., 1959, 
Sept., 51) An account of the properties of 
PH 15-7 Mo stainless after various heat treat- 
ments and after subzero hardening. 

New alloy fills space-age need Universal- 
Cyclops Steel Corp. (Iron Age, 1960, 185, 
Feb. 11, 156-157) The properties of ‘Unimach 
UCX2’ a new high strength steel for high temp. 
applications are described. A typical analysis 
is: 0°399.C; 0O-7°OMn, 1-0%S8i;  1:10%Cr; 
0-25°%,Mo; 0-15%V; 1-0%Co. Other features 
are good machinability, ductility, and weld- 
abilitv.—p.L.c.P. 

High-speed turbine-driven rotating mirrors: 
Note on design, construction and performance 
B. Brixner (Rev. Sci. Instr., 1959, 30, Nov., 
1041-1048) The production of steel mirrors is 
included. 


HISTORICAL 


Cast cannon 
P. J. Browne (Found. 
Feb. 11, 163-165) 

The tron Bridge builders (Howden Quarterly, 
1959, (41), 6-10) An account of the Darby 
family, particularly Abraham Darby, and of 
Tom Paine. 

The Midiand iron oe, in the early 
eighteenth century B. L. C. Johnson (250th 
Anniversary of the successful use f coke in 
aking, preprint, pp.9) With special 
reference to Coalbrookdale. Coalbrookdale 
1709 Kk. A. Mott (pp.41). lronfounding past and 
present J G. Pearce (pp.12). The contributions 
of the Darby family to iron making and to the 
iron industry A. Raistrick (pp.10 

Cast-iron bells ©. J. Robb (Found. Trade J., 
1959, 107 Sept. 24, 213) A note on early iron 


the 15th to 19th Centuries 
Trade J., 1960, 108, 


wronn 


bells 
Blast furnaces since eg 4 $s day (Lngineer- 


ing, 1959, Sept. 25, 48-249) An illus 


Journal of The Iron and Steel Institute 


trated review of the voiution of the blast 
furnace. 

The age of iron: commemoration of 250 years 
of coke in ironmaking (/ron Coal Trades Rev., 
1959, 179, Sept. 4, 233-234) Notes on Coal- 
brookdale 

The iron industry Ml. Sanchez de 
(Met. y Electr., 1960, 24, Feb., 84-87) A brief 
review of methods used from 1600 BC in Upper 
Mesopotamia, 1300 BC in Egypt, 900 BC 
Assyria, 800 BC Greece, 1000 AD in Italy and 
Central |} Bessemer and OH 
dow? to present-da\ Spanish practice 

Who invented the hot blast? 1). Murray 
Colvilles Mag., 1959, Autumn, 20-23) A note 
on the circumstances in which J. B. Nielson 
invented the hot blast. 

Smelting in Catalonia its place in the his- 
toric evolution of metallurgy J. A. Riviere 
(Teen. Met., 1959, 15, Jan.-Feb., 61-63) A 
short survey, with a seale diagram indicating 
the eras of development of the industry in 
Catalonia, with reference to the early influence 
of ores of ¢ Sardinia, and Elba, the 
Basque industry and Stiickofen.—s.H.-s 

Metallurgical study on ancient iron nails K. 
Horikawa and \¥ Umezawa (Tetsu to Hagqane, 
1959, 45, Sept., 1121-1123 pode 1 are given for 
chemical composition, inclusion counts, hard- 
arance of 15 nails m 
ous times between AD 607 and 1772 A 

The casting of grey iron before the introduc- 
tion of modern materials and methods ne manu- 
facture 1). Iturrioz (Met. y Electr., 1960, 24, 
Feb., 65 ») A review based on an edi torial in 
the Found. Trade J. reporting the annual 
meeting of the Am. Soc. Of Grey Lron Founders, 
with an address by R. T. Thomson and D. F. 
Caris of Motors Co. Dept., 
followed by a reference to information pre- 
sented to the International F 
in Liége by L. Willner of Sveriges 
forbund Foundry Dept. Past paar 
methods of castings are briefly 

S.H-S 

Steelmaking U.S.A. Reinartz (J. Met., 

1959, 11, July, 444 aa His torical. The devel- 
opment of the electric steelmaking furnace and 
the LD reviewed, and 
future steelmaking deve 
cussed (37 refs). 

A supplementary commemoration (Die 
Fundgqrube, 1959, (9), 195-197) An account of 
the celebrations of the unveiling of a memorial 
plaque to Prof. A. Ledebur in Blankenburg, 
Harz. 

Sterling, Ringwood and Greenwood R. W. 
Shearman and F. W. Starrat (J. Met., 1959, 
11, Sept., 603-609) An historical survey of 
ironmaking in the Sterling Forest area along 
the New York-New Jersey border, now being 
developed as a mining and metallurgical 
research centre by Union Carbide Corporation 
(17 refs). 

A great French metallurgist: Jules Garnier 
(Aciers Fins. Spéc., 1960, March, 112-115) A 
short biography of Garnier’s life and work is 
given.—R.P. 

60 Years Bandstahivereinigung, 1896 1956 
(Pamphlet, publ. Dusseldorf 1956, pp.48) An 
account is given of the historical development 
of the manufacture of strip steel, followed by 
an historical sketch of the formation and 
present scope and activities of the Bandstahl- 
vereinigung. Applications of hot- and cold- 
formed strip are reviewed. 
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ECONOMICS AND STATISTICS 


The steel industry. Foreword (Sir) Cyril Mus- 
grave (1) (Financial Times Supplement, 1959, 
\ug. 10, pp.12). Development plans soundly 
based (Sir) Ellis Hunter (1). Over half Britain’s 
exports based on steel (11). Changing styles in 
demand ). I’. Sara (LIT). The market for heavy 
steel and re-rolied products |. RK. Craig (1V) 
The next five years (1\). Sheet and tinplate for 
the car and canning lines H. F. Spencer (V) 
Movements in consumers’ stocks (\). Develop- 
ments in special steels (Sir) Frederick Pick- 
worth (VI). Main centres of production (VII). 
A wide variety of steel tubes in universal use 
\. G. Stewart (VII). The industry’s research 
task—1: anticipating the designer \V. L. 
Bardgett and K. . Irvine 1). 2: New 
methods of production (\III). Steel and the 


October 1960 


state LL. Chapman (1X). The prices structure 
(X). Who owns the industry? 1b. 8S. Keeling 
XI) Recruitment and training W. F. Cart- 
wright (XI). The long — < good labour 
relations (Sir) Lincoln Evans (XI 

Prospects of the steel industry r S. 
(Metallurgist, 1960, % May, 108-112) A 
with statistics 

is it possible to supply cheap iron? A criticism 
of the long term policy of the iron and steel 
industry 8. Ohashi (Kinzoku, 1960, 30, Feb. 15, 
1-10) Explanation of tl th lan for 
ationalization with a « 
term dema 


t 
l 
re-investment 
r 
‘ 


naterials and tec hnique 1 Ww 
»f the first two plans, ih aes be successful 
Shortcomings and achievements of Polish 
metallurgy in the light of foreign trade 5S. 
Kawinski (Prz. Techn., 1960, 81. (9), 10-12) 
Poland imports 75 of the iron or an 
7-8‘ of the coku 
effect on the foreign trade balance 
of partly finished products thos 
quality and price are imported : 
products are exported. Howey 
that in the next tive-v 


iy coal. his t 


ear plan th 
In the mact 
it in foreign tri 


be improved 
also a del 1 
tinuously decreasing ar tise ote that in 
five vears time there will be a er 

The main problems in working out wholesale 
prices for ferrous metals (i. N. Khar’kovtsey 
(Stal’, 1960, (3), 264-269) A pricing vstem 
under the 
( argue 

“tren and steel evr of Japan today Japan 
Iron and Steel Industr echnical Administra 
tion Study Team (Pamphlet, 1959, Aug., pp.29 
Mainly statistical, with brief y 


» seven-year plan including transport 


sis discussed. 


neral sections 
on techniques, control, training, and research 
activities. 

Evaluation of various types of ony on 
duced - complex processes |.. Babicky 
oe 1959, 14, (9), 774-777) yr m 
»f determining distribution rod 
in the in sie ye al types of power in complex 


metallurgical and P 


we 


iction costs 


MISCELLANEOUS 


Arc decomposition of rhodonite V. Harris, 
J. D. Holmgren, 8S. Korman, and C. Sheer (J 
Electrochem. Soc., 1959, 106, Oct., 874-876) A 
pilot plant for the extraction of Mn is des 
eribed 

Operational research at work: applying 
operational research in the steel industry kk. H. 
Colleutt (Joint BIM/OR Soc. Conference 
Report, 1959, Sept. 17, pp.20) A study of the 
management of the importation of foreign 
ores the layout of a forge and an OH furnace 
repair programme are considered with an 
outline of the solution of each. 

Automation 
Community (High 
19, (1960, } pp. 67). 

The practical application of industrial tele- 
pong F. Loos (Technik, 1959, 14, Nov., 719 

) Examples are given, with illustrations, of 
a use of television in rolling mills, welding, 
mining, the coal industry, power plant, trans- 
port, and navigation, and other cases. 

Alpha-transformation mechanism of the 
antiferromagnetic iron sulphide M. Murakami 
(Sci. Re p. Téhoku Univ., 1959, 43, Aug., 53-61) 
A dilatometrie study. A mechanism is pro 
posed. Anisotropy energy in the paramag- 
netic region of iron sulphide (62-66). 

Electromagnetic properties and _ constitu- 
tional diagram of the FeQ-Si0,-ZnO system 
D. M. Chizhikov, V. P. Schastlivyi, and L. I, 
Blokhina (Doklady AN, 1959, 129, (6), 1353 

355) The region of the pseudo-equilibrium of 
this ternary diagram was constructed from 
electromagnetic pr rties and petrographical 
analyses. The diag ‘ram is not an equilibrium 
diagram because of the reduction and volatil 
ization of zine when s hakdioee iron alloys at high 
temp. juent change electrical 
conductivity in re lation to compositi ym and 


European Coal and = Steel 
Authority bibliography No 


The conse sin the 


temp. are given in graphs. 
Some aspects of lighting > a iron and steel 
industry LD). . M. Nisbet , 1960, 196, Oct 
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Experimental Batch Furnace 
fully instrumented 


B.I.S.R.A. begin a new chapter 
in research with their new 
experimental forge furnace. 
It will give the steel industry 
the answers to many 


long-standing questionson furnace 


design, operation and control 


The Energy Section of B.I.S.R.A. is now studying 
how to improve efficiency in batch type heating 
processes. And Honeywell Instrumentation is 
helping to write up the essential facts and figures 
—programming the heating cycles, too. 


MULTI-RECORDING. Four ElectroniK 12-point 
Recorder/Controllers continuously record the 
data from more than 100 thermocouples dispersed 
in the walls, chamber, flues, air ducts, recupe- 
rator, stack of the new experimental forge fur- 
nace, and in the 3-ton ingot. 


PROGRAMME CONTROLLING. A master tem- 
perature Controller sets the heating cycle and 


I am interested in applying Honeywell Instruments to 
(state application) 
Please send me technical information 


Piease ask your engineer to call 
(tick where applicable) 


Name 
ID ccacennensciicosiitsin 
Company 


Address . 
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governs secondary controllers for fuel flow. At 
the same time, other Honeywell instruments keep 
a critical eye on furnace pressure, or help the 
analysis of flue gases. 


BIOGRAPHICAL NOTE. Similar instruments 
are used throughout B.I.S.R.A’s laboratories. 
Versatile, accurate, they are adaptable to pure 
research, pilot plant operation and to process 
control on the largest scale. In every application 
they are made doubly valuable by the design, 
engineering and maintenance service they carry 
with them from Honeywell Head Office or from 
branches in the principal towns and cities in 
the United Kingdom. 


WRITE OR SEND THE COUPON TODAY to: 
Honeywell Controls Limited, Ruislip Road East, 
Greenford, Middlesex. Waxlow 2333 


Honeywell 
Fiat ww Control 


SINCE 1665 











| B: 0 ‘A 7 takes good care of om 


—with ILFORD Industrial B X-ray film 


High among the priorities of BOAC is safety. Behind the scenes at London 
Airport is some of the world’s finest equipment, operated by highly trained 
personnel to ensure the reliability of every detail that contributes to safe 
operation. 

Where even the smallest foreign particle may imperil life, nothing is left to 
chance. Complex units, such as engine oil coolers which cannot be dis- 
mantled for inspection, are therefore radiographically examined to detect 
accumulations of sludge, metal debris, and carbon particles which would 
spell danger if they circulated in the engine lubrication system. 

For this examination, British Overseas Airways Corporation relies on 
ILFORD Industrial B X-ray film. Ilford has a reputation for reliability. 
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TRIUMPHS OF SHELL RESEARCH 


With new Shell Dromus Oils 


Most modern soluble cutting oils contain phenolic 
compounds used as coupling agents between the 
oil and the emulsifier, for better blending and 
easier mixing. These phenolic compounds can 
cause skin irritation, especially where modern 
high-speed machines are used and the emulsion 
can concentrate, through the evaporation of water, 
above the safety level. 

Shell research chemists have been working on 
this problem, which has been causing some con- 
cern to Management. After considerable research, 
Shell Dromus Oils have been reformulated and 
these new cutting oils now produce bland emul- 
sions, which considerably reduce the risk of skin 


alcoholcomplex. Thissoly edoneproblem, but pres- 
ented another. The new coupling agent was volatile 
at the high temperatures normally used in blending 
processes. Further research found a solution to this 
problem by designing and installing new plant. 
The new Dromus Oils are every bit as efficient as 
before and cost no more. They put Management 
in the welcome position of being able to minimise 
working hazards at noextracost. And machine men 
need no longer be so worried about skin troubles. 
The moral of the story is that Shell research is 
supremely applicational. The centre at Thornton 
is always ready to work with even the most 
specialised sectors of industry to produce the 


trouble to operators. 

The real difficulty was to finda newcouplingagent 
to replace the phenolic compounds, and Shell finally 
used what their chemists know as a higher fatty 


right oil for the job. If you and your organisation 
have any major lubricating problems, it pays to 
get in touch with your local supplier of Shell 
Industrial Lubricants. 


The Research Story 


Shell chemists in the U.K., in Holland and in the U.S.A., prepared 
and examined hundreds of experimental soluble oils, and established 
that certain combinations of fatty alcohols could be used in place of 
phenolic compounds with no loss of efficiency. They set to work to 
discover the best combination and developed a higher fatty alcohol 
complex which fitted exactly. Then they realised that to blend this new 
coupling agent into soluble oils would require special plant and new 
blending techniques. 

Exhaustive testing of blend stability, emulsion stability, anti- 
corrosion and machining properties led to selection of the most 
promising blends. A pilot plant was set up to produce batches of 
these for use in field trials. 

This field testing and final development proceeded for two years 
whilst production plants were erected at points so chosen as to give the 
most economical and rapid delivery throughout the United Kingdom 


new G2) oromus SOLUBLE CUTTING OILS 


another proof of Shell leadership in lubrication 
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2-High Reversing Slabbing Mill 


Built for 
Klockner Werke 


Roll diameter 49 in. 
Roll length 130 in. 

Lift.of Top Roll 80 in. AB. trainee 
Screwdown Speed 12 in./sec. 

Main drive 2 x 6500 h.p. | 


Germany, by 


MASCHINENFABRIK SACK G.m.b.H. DUSSELDORF-RATH, W.GERMANY 


Designers and Builders of Rolling Mills 


Representatives for Great Britain and Ireland 


D.M.M. (Machinery) Ltd., Universal House 
60 Buckingham Palace Road, London, S.W.!. Telephone: SLOane 0701 
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There are problems associated with the 
induction melting of irons and steels which 
make it imperative for the intending purchaser 
of an induction furnace to consider all aspects 
of his production so as to obtain the most 
suitable furnace for his needs. Even for the 
same metal, the same furnace will not 
necessarily be the best type when consideration 
is given to charge characteristics and melting 
programme. Having access to the wide range 
of designs and long experience of Demag, 


G.W.B. are now in a position to offer the 


most suitable furnace to suit your own 
G.W.B. British — built 


furnaces available for melting irons and 


particular project. 


Steels include: 


@® Crucible Type Furnaces for Mains 
Frequency or motor alternator operation. 


@ Channel Type Mains Frequency Furnaces. 


The electric induction method of melting 
irons or steels can solve your melting problems, 
and G.W.B. can help you in the choice of the 


correct induction furnace 








G.W.B. 


FOR ALL THAT IS BEST 
IN ELECTRIC MELTING AND 
SMELTING FURNACES 


October, 1960 


G.W.B. FURNACES 


P.O. BOX 4 - DIBDALE WORKS - DUDLEY 


Gibbons Bros. Ltd. & Wiid-Barfield Electr 


Associated with 


LIMITED 


Furnaces Ltd 


WORCS. Telephone 


Dudley 55455 
G.W.B. LD6 
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GRIFFIN BRAND 


TEEL SHEETS 


Light and Heavy industry are served 
by GRIFFIN BRAND Steel Sheets — 
Black, Galvanised, Flat and Corrugated. 








We make the widest Steel Sheets and 
have the largest general Galvanizing 
Plant in Great Britain. 





*k Metal Spraying by the most up-to-date 
methods done in our works or ‘in situ’”’ 








Metals deposited include: Zinc, Tin, 
Aluminium, Copper, and all its alloys, 
Cadmium, Monel Metal, etc. 











ii 
Smith and McLean Lt 


179 WEST GEORGE STREET, 


GLASGOW, C.2 
Tel.: CENtral 0442 'Grams: CIVILITY, Glasgow 
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in the heat of the 


Stlastomer insulated cables 
are manufactured by 


ASSOCIATED ELECTRICAL 
INDUSTRIES (WOOLWICH) LTD 


BRITISH INSULATED 
CALLENDER’S CABLES LTD 


ENFIELD STANDARD 
POWER CABLE CO LTD 


GREENGATE & IRWELL 
RUBBER CO LTD 


W. T. GLOVER & CO LTD 
JOHNSON & PHILLIPS LTD 


PIRELLI-GENERAL 
CABLE WORKS LTD 


RIST’S WIRE & CABLES LTD 
STERLING CABLE CO LTD 


i 
y 


A 


ST. HELENS CABLE & RUBBER CO LTD 


October, 1960 





moment 


Hot gases billowing into the air 
surroundings . . 


furnaces searing the 
. molten metals pouring from crucibles .. . 
conditions such as these are certain indications of the need for 
SILASTOMER™* insulated cables. 

Providing continuous long term operation in ambient tempera- 
tures up to 200 C, cables insulated with SILASTOMER silicone 
rubber are being specified more and more for complex 
industrial installations. They are resistant to low pressure 
steam, water, weathering and many chemicals and will with- 
stand corona discharge. Glass braided silicone rubber cables 
will continue to function efficiently through and after the 
outbreak of fire. 

These are the reasons why, in 1956, the Admiralty 
decided to use silicone insulated cables in all new ships of the 
Royal Navy and why this insulation was chosen for the cables 
in such important installations as the House of Commons. In 
many domestic appliances, too, SILASTOMER insulation is used. 

These are the reasons why, when ambient heat and fire 
hazard are major considerations, you should always specify 
SILASTOMER insulated cables. 


(™S) MIDLAND SILICONES LTD 


first in British Silicones 
68 Knightsbridge - London - SW1 - Telephone : Knightsbridge 7801 


AREA SALE )FFICE Birmingham, Gil Leeds, London, M hester 
Ieent n mar trie 





for the 
most exacting conditions 
| on Land and Sea 


; “tay 
t AL 
i Nd 
Y ‘si 
Tl. oot 


‘FOSTER CROWN’ 
S “FIREBRICKS 


for Blast Furnaces, Hot Blast 
Stoves, Lime Kilns, etc. Speciality 
Oil Fuel Burner Arches. 


‘FOSTER HIGH GRADE’ 
FIREBRICKS 


for all types of Industrial Furnaces. 


‘HOTSPUR’ 
PATENT VANED & BOX 
CHEQUER BRICKS 


for Hot Blast Stoves. 


‘FOSTER CARBON’ 
BLOCKS & BRICKS 


for Hearth and Crucible of Blast 
Furnaces, Pickling Tanks, etc. 


ON BRITISH ADMIRALTY LIST AND FOREIGN NAVAL LISTS 


HENRY FOSTER € COMPANY LIM 


BACKWORTH. NEWCASTLE-UPON-T 


TED 
YNE 


A MEMBER OF THE GENERAL REFRACTORIES GROUP 
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Charging 
Machines 






























Stripping Cranes 


Soaking Pit 


Cranes 





=e: _ = 
pus a oe 
se mise ot 

















GUEST KEEN ZIRON & STEEL 
COMPANY 


‘ 
ub 


<jUMBER 
\ 
(@ecch) 
Sd a 
Cre CoMPAN 


™~ 
\ 
} 


IRON & STEEL COMPANY LIMITED, 


cast moors, GARDIFF. 


TELEPHONE: CARDIFF 33151 
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Electrical Aids in Industry 


Infra-Red Heating 


Infra-red heating is the name given to the method 
of using in industrial processes radiant heat from 
heaters specifically designed for that purpose. 
This differentiates it from methods employing 
both radiation and convection, as in furnaces, 
although the effect of the radiation is much the 
same in both cases. 

Radiant heat provides a higher rate of heat trans- 
fer to bodies not highly reflective than does con- 
vection, unless high-velocity forced convection is 
used. The rate of heating of a body depends upon 
the intensity of radiation on its surface, the pro- 
portion absorbed by the surface and, subsequently, 
on heat conduction. In heating very thin bodies, for 
example paint films, the radiation not reflected nor 
absorbed passes through and is in turn reflected 
or absorbed by the underlying material. This 
reflected heat is partly 
absorbed by the paint 
film ‘“‘on the way back”’. 
Despite this effect it is an 
exaggeration to claim that 
infra-red ‘“‘heats from the 
inside out”’ and it remains 
largely a surface heating v 
effect except in a few DAsy IMM 
special Cases. 

Infra-red heaters mainly use metal-sheathed 
elements in special reflectors, but infra-red lamps 
with internal reflectors are still used in special cases. 
Other types use silica-sheathed elements or quartz- 
sheathed lamps in reflectors. A wide range of 
heaters is available with simple mounting arrange- 
ments to enable heat to be applied quickly and 
effectively either in a production line or in some 
odd corner. 

Control of the charge temperature is effected by 
regulating the heating time and power. In the case 
of a moving charge, this is done by adjusting the 
conveyor speed and the number of heaters in circuit, 
i.e., by adjusting the effective length of the oven. 
Some of the heaters may be controlled by energy 
regulators or adjustable transformers. 

The advantages of 
infra-red heating over 
convection heating in- 
clude reduced heating 
times, reduced floor 
space, lower _ instal- 
lation costs, almost in- 
stant starting, ability 
to focus the heat, and 
flexibility in effective 
oven length. Infra-red 
ovens can often be T 
mounted in the roof, saving valuable floor space. 
Infra-red heating is not generally favourable for 
heating large bodies of low heat conductivity. 








Paint Stoving 
Not all paints are suited to infra-red radiation, but 
suitable paints are stoved quickly and often give a 


Data Sheet No. 13 


better finish. Synthetic enamels are the most 
suitable. Articles successfully stoved include motor 
car bodies, wheels and 
other accessories, refri- 
gerator and washing ma- 
chine cabinets, cylindrical 
drums and barrels, metal 
furniture, valve hand 
wheels, metal toys and a 
host of other articles. 
Lacquers and varnishes ~ 
are being quickly and effectively stoved on jewellery, 
packing strips, tubes, films and similar products 
Special infra-red lamp ovens stove synthetic finishes 
on wooden furniture and components. In all cases 
stoving times have been reduced very considerably. 








Moisture Extraction 
Sheathed element heaters are particularly useful for 
drying surface water films, their radiation being 
readily absorbed by water. High rates of drying are 
possible provided the water vapour can readily 
disperse. Drying of “contained”’ water can be 
effected provided the water can diffuse from the 
interior at a rate equalling the surface drying rate 
With heat-sensitive materials sheathed element 
heaters may have to be arranged to move away from 
the material to avoid overheating if the conveyor 
stops, being interlocked with the conveyor for this 
purpose. Lamps are sometimes used instead for 
such materials because of their 
instantaneous cut-off. 


fe >) 
Infra-red is widely used for ¢]|; é 
drying coatings and inks on paper ( ’ : 
and textile products, bottle seals ( ?) (: > 


and labels, clayware and glazes, 
pigments on leather and many + 
other products. 


to 


Infra-red heating is widely used in the plastics and 
allied industries. Typical applications are the pre- 
heating of plastic pellets and of sheets prior to 
moulding, curing of plastic and rubber sheets and 
belts, heat setting of nylon and similar fabrics, 
drying and curing of latex films on carpets and many 
others where a plastic forms the whole or part of 
the product. 

The above are just a few examples of successful 
applications of infra-red. In many other processes 
infra-red heaters can often be fitted quickly and 
cheaply, to save time, labour and floor space and, 
therefore, money. 





Plastic Heating 


~~—-—-—-—~-----------5 


For further information, get in touch with 
your Electricity Board or write direct to the 
Electrical Development Association, 2 Savoy 
Hill, London W.C.2. Telephone: TEMple 
Bar 9434 

Excellent reference books on electricity and 
productivity (8 6 each, or 9 - post free) are 
available — “Resistance Heating”’ is an ex- 
ample; “‘ Induction and Dielectric Heating”’ is 
another. 


E.D.A. also have available on free loan in 
the United Kingdom a series of films on the 
industrial usesof electricity. Ask for a catalogue 


Kencenpeesennenieeneenemmnmngninhenpbaseianesten 





HOT ROLLED STEEL BARS 


Round ¢ Square ¢ Flat 
Ferro-Concrete Bars bent to Specification 


HOT ROLLED STEEL 
HOOPS AND STRIP 


Coils or cut lengths 


COLD ROLLED 


Speciality: 


STEEL STRIP VERY HEAVY 


in all qualities including CONTINUOUS 


Special Deep Stamping LENGTH 
in cut lengths or coils COILS 
Electro-Galvanised Strip 


THE WHITEHEAD IRON & STEEL CO LTD 
Phone: 6540! (P.B.X.) NEWPORT MON Grams: Whitehead Newport 


LONDON OFFICE BIRMINGHAM OFFICE GLASGOW OFFICE MANCHESTER OFFICE 


STEEL HOUSE KING EDWARD HOUSE 50 WELLINGTON STREET, CHRONICLE BUILDINGS 
TOTHILL STREET, S.W.1 NEW STREET, BIRMINGHAM, 2 GLASGOW, C.2 MANCHESTER 


elegrams Telegrams Telegrams Telegrams 
WHITEDSTEL, PARL, LONDON WHITEDSTEL, BIRMINGHAM WHITEDSTEL, GLASGOW WHITEDSTEL, MANCHESTER 


Telephone Telephone Telephone Telephone 
WHITEHALL 2984 MIDLAND 0412-3 CENTRAL 1528 BLACKFRIARS 1603-4 
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IN THE SERVICE 
OF INDUSTRY... 


INDUCTION SERVICE in mass production forging, 

of simple parts such as billets, round, square or flat 
bars, tubes of uniform wall thickness, rings etc., is 

being used with marked success by an increasing 
number of Manufacturers. The short heating time 
obtainable by this method reduces fire losses and rejects 
to a minimum, raising efficiency and improving economy. 
The INDUCTION MELTING FURNACE has 
revolutionized melting techniques in industry. 
Electro-dynamic stirring and close temperature 

control contribute to a greatly improved finished 
product. In Steel works, Foundries and other 

industries where quality and uniformity of product 

are of special importance, ACEC 

installations are being used for the melting 


of ferrous and non-ferrous metals and alloys. 





ilustrations 160 kw 8 kc Screw spike heater 
reading down 2 melting furnaces of 4 ton capaciiy 
100 kw 4k c heater for tubes 


Continuous bar heater 


For further information or help in connection with 





ACEC 


CHARLERO! 


HEATING, WELDING, STRESS RELIEVING, MELTING, BRAZING OR HARDENING. Please consult us at 


ACEC 
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STEPHENS’ 


Super Grade Low Alumina 


Silica Brick 


FINE SILICA CEMENT FOR 
SETTING SILICA BRICK 


< 


STIGNIC CEMENT FOR BASIC 
“STEEL LADLES 


KILN CAPACITY OVER 7 
lt MILLION BRICKS SPECIAL FIRE CEMENTS for all 


< purposes 


STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 


< REGENN BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


Stephens SILICA BRICK CO.,LTD. 
KIDWELLY 


Telegrams:—STEPHENS, KIDWELLY Codes:—ABC 4th & 5th Editions 
Liebers & Marconi 
Telephone:—KIDWELLY No. 1 
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No. 1 Turbo-blower, Margam °B’ Power Station Photo courtesy The Stee! Co. of Wales 


REAVELL-ASKANIA REGULATORS 


FOR 
BLAST FURNACE BLOWER CONTROL 





REAVELL Be CoO. LTD. Reavell-Askania Regulators. Instrument 


Panels. Complete Instrument and Control 
Schemes designed, installed & commissioned. 


REAVELL-FAHIE LTD. Project studies and reports. 


RANELAGH WORKS IPSWICH 
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SOME OF THE MANY FAMOUS USERS OF MDX MOTORS: 


HOME 

Bairds & Scottish Steel Ltd. 
Briton Ferry Steel Co. Ltd. 
Brown Bayley Steels Ltd. 
Colvilles Ltd. 

Darlington Forge Ltd. 

Dorman Long (Steel) Ltd. 
English Steel Corporation Ltd. 
Firth-Vickers Stainless Steels Ltd. 
Ford Motor Company Ltd 

Guest Keen Iron & Steel Co. Ltd. 
Lancashire Steel Manufacturing Co, 
Lianelly Steel Co. Ltd. 


The Park Gate Iron & Steel Co. Ltd. 


The Patent Shaft Steel Works Ltd. 
Richard Thomas & Baldwins Ltd. 
Round Oak Steel Works Ltd. 
Samuel Fox & Co. Ltd. 

Shepcote Lane Rolling Mills Ltd 


The Staveley Iron & Chemical Co. Ltd 


The Steel Company of Wales Ltd. 
Steel Peech & Tozer 


Stewarts & Lloyds Ltd. 
South Durham Steel & Iron Co. Ltd. 


Taylor Bros. & Co. Ltd. 
The Templeborough Rolling Mills Ltd. 


Thomas Firth & John Brown Ltd. 
Whitehead Iron & Steel Co. Ltd. 
William Beardmore & Co. Ltd. 
Workington Iron & Steel Co. 
OVERSEAS 
Algoma Steel Corporation Ltd. 
(Canada 
Anglo American Corporation of 
South Africa Ltd. 
Australian Iron & Steel Ltd. 
Breedband N.V. (Holland 
Broken Hill Pty. Co. Ltd. (Australia 
Danish Steel 
Indian Iron & Steel Ltd. 
Turkish Iron & Steel Ltd. 
Rhodesian Iron & Steel 
Co. (PVT) Ltd. 
Tata Iron & Steel Co. Ltd. (India) 


Over 
4,000 good reasons 
for choosing 
MDX mill motors 


Over 4,000 MDx-type mill motors have gone into 
service during the last eight years in leading iron- and 
steel-producing works in Britain and many other parts 
of the world. They have established a good reputation 
for efficient and continuous duty. Remarkable reli- 
ability and strength, together with low inertia of 
rotating parts, make MDX motors ideal for driving a 
wide range of steelworks equipment. They have been 
specifically designed to withstand arduous service and 
are unaffected by heavy overloads. Available totally 
enclosed, up to 200 h.p., self-ventilated, up to 250 h.p. 


Please write for further details to INDUSTRIAL 
MACHINES DEPT, TRAFFORD PARK, MANCHESTER 17 


Associated Electrical Industries Limited 
Motor and Control Gear Division 


RUGBY & MANCHESTER 





COMBINING THE MOTOR AND CONTROL GEAR INTERESTS OF BTH AND M-V 


AS568 
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PRESSING 


PROBLEM 


Pickford Holland install the latest hydraulic presses 
for standard and special shapes 


Refractory bricks today must be ab- 
solutely accurate in size and shape. 
These qualities, combined with unerring 
consistency in texture and performance 
are achieved by Pickford Holland through 
the medium of the most modern plant 
and equipment. 

In Pickford Holland works, the very 
latest crushing, grinding and mixing 
plant, powerful hydraulic presses and 
continuous tunnel firing kilns have been 
and are being installed. Rigid control of 


PICKFORD HOLLAND 


Consistent in Size. Shape. Texture and Performance 


October, 1960 


the various processes is strictly observed, 
and the finished bricks are carefully 
inspected and tested before being des- 
patched to the consumer. 

More and more Pickford Holland re- 
fractory bricks are being supplied to steel 
and other industries throughout the 
world and the demand still grows. This 
surely points to the success of this policy 
of plant modernisation and is a tribute 
to the lasting service that these bricks 


Refractory Bricks 


SOLVED 


PICKFORD HOLLAND & CO. LTD., 381 FULWOOD ROAD, SHEFFIELD 10. TELEPHONE: 33921 
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COMPLETED LININGS TO 





64 BLAST FURNACES 
120 HOT BLAST STOVES 


62 STEEL MELTING 
FURNACES 


STAFF: 250 MEN, includes— 


TATTERSALL 
REFRACTORY CONTRACTORS MIDDLESBROUG i 


137 SOUTHFIELD ROAD 














100 FURNACE BRICKLAYERS 





Telephone 2320 











Special Report Sixth Report 
No. 66 of the Corrosion Committee 


Che corrosion of iron and steel costs industry millions of pounds every 


vear, and research on the best ways of saving this money is of the 
highest importance. ‘The Sixth Report of the Corrosion Committee 
which was founded in 1928 and is now administered by BISRA, has 
recently appeared as No. 66 in the Institute’s Special Report series; it 
contains an account of the researches carried out during the past twenty 
years. 

The Report covers the corrosion of iron and steel in air, in soil, and in 
water; it details the results of numerous experiments and recommends 
methods of protection against the many different forms of corrosion. 
Reports of tests carried out to ascertain the corrosion rates of different 
kinds of bare irons and steels all over the world, and of steels protected 
with paint and/or metal coatings, are given. 

[wo other interesting researches described in the Report concern the 
corrosion and protection of steel at elevated temperatures up to 350°C, 
and marine corrosion. As a result of the latter, several reliable anti- 
corrosive compositions have been formulated, some of which are in use 
on H.M. ships and the ‘‘Queens”’. 

The Report, which consists of 228 octavo pages, illustrated with 20 line 
and a1 half-tone figures, and bound in cloth with stiff board covers, 
costs £3 3s. od. (postage ts. od.), and may be obtained from: 





The Secretary, The [ron and Steel Institute, 
4 Grosvenor Gardens, London S.W.1 
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‘you live to a hundred, \ 


screw-fixing of eggs 


b 
nantes with a RAWLPLUG 
FIXING DEVICE 


RAWLPLUGS 

The famous Rawlplug makes 

firm screw fixings in masonry 

in a mere fraction of the time 
taken by any 

For all screw sizes up to }” 


diam. « 


other method. 


oach screws 


RAWLNUTS 


The amazing Rawinut forms its own 
‘rivet head’ behind the material when 
screwed up from the front. Shakeproof 
and waterproof, it has many valuable 


uses in both building and manufacture 


SPRING TOGGLES 


For making firm fixings to such 
thin and structurally weak 
materials as plasterboard, 
ceilings, etc. The wings of the 
device spring apart behind the 
material and spread the load 
over a wide area. 





IMPOSSIBLE FIXINGS 


ARE EASY WITH 


B669 


October, 1950 


‘difficult’ and even ‘impossible’ 


fixing job, you'll save time, 


want to do much 
ible only 


with a Rawlplusg (a Rawlnut)— 
does s¢ 


effectiveness of these 


rve toh 

Devices in making 
fixings simple and 
straightforward. Whatever the screw or bolt 
money and temper by 


using the appropriate Rawlplug Fixing Device, 


RAWLBOLTS 


For light or he 
] jobs. A dry 


ent 


ivy 
bolting 
fixing « rmous 


rength—no cold 


€ ing 


for cement to harder 
In all bolt diameter 


up to 1”, 


GRAVITY TOGGLES 
Passed through a hole in 
holle 


membe 


yw material, the long 

r falls into a vertical 
position 

then drawn against the 

of the mater 


from the fron 


FIXING DEVICES Zor Speed and Strength! 


The World’s largest manufacturers of fixing devices 
THE RAWLPLUG COMPANY LTD., CROMWELL RD., LONDON S.W.7 
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Gfluent dipooal — 


WITH THE KESTNER PATENT CONTINUOUS NEUTRALISER 


If you are concerned with an effluent disposal problem, the 
Kestner Patent Continuous Neutraliser, as illustrated, provides 
one of the simplest and most compact methods of continuous 
effluent neutralisation. The neutraliser can be fitted with a 
dry chemical feeder to give accurate neutralisation media 
control. Provision can also be made for continuous 
recording of the pH of the liquor after neutralisation or 

for continuous pH control. 


All the plant in contact with the effluent is in 
corrosion resistant constructional matertals suitable 
for the chemical duty 


Kestner plant also includes: 

STRIP PICKLING PLANT WIRE SHEET AND TUBE 
PICKLING PLANT - COPPER RECOVERY PLANT 

ACID RECOVERY PLANT - STORAGE TANKS 
NEUTRALISATION PLANT - FUME EXTRACTION PLANT 


For further particulars write to: | OY FT a 
KESTNER EVAPORATOR & ENGINEERING CO. LTD., 
5 GROSVENOR GARDENS, LONDON, S.W.1 THE CHEMICAL ENGINEERS 








REAVELL-FAHIE LIMITED 
Reavell-Fahie Limited requires the services of two 
GRADUATE ENGINEERS 
OR PHYSICISTS 


for staff duties at Ranelagh Works, Ipswich 


The company, a subsidiary of Reavell & Co. Ltd. was formed to take over, develop, and expand the 
parent company’s interests in the field of automatic control and instrumentation in heavy industry. 
Since 1927, the parent company has exploited the well known Reavell Askania hydraulic controller, 
which is capable of further development to be undertaken by Reavell-Fahie in this country in col- 
laboration with its associates in the U.S.A. 

One of the chosen applicants will be appointed as personal assistant to the Managing Director, with 
special reference to technical sales. The other will be appointed as personal assistant to the Director 
responsible for Production and Development. 

Both are positions of trust and responsibility and appropriate salaries will be paid. 

Applications will be treated in confidence and should be addressed to the Managing Director, 
Reavell-Fahie Ltd., Ranelagh Works, Ipswich, Suffolk. 
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The Joseph Adamson Waste Heat Boiler is designed 
to make efficient use of the waste gases leaving open- 
hearth furnaces, reheating furnaces, soaking pits, gas 
retorts, etc. 

The straight-through fire tubes have a high ratio of 
length to bore, giving about 90% tube efficiency and 
providing a large area of heating surface in a compara- 
tively small space. Brickwork setting is not required 
and air infiltration is thus avoided. 

A feature of Joseph Adamson Waste Heat Boilers 
is that a special cleaning device can be provided in the 
outlet chamber to allow the tubes to be cleaned while 


the boiler is at work. 


JOSEPH ADAMSON & CO. LTD. 


©.8Qqox4éseeuntvyvroe-ceHwesHwmnte @ 


in association with 
Adamson Alliance Co. Ltd., 165 Fenchurch St., London, E.C.3 
The Horsehay Company Ltd., Wellington, Shropshire 


THE ADAMS ON GROUP 
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RX ATMOSPHERE 
GENERATORS 





- « produce uniform atmosphere for dry cyaniding gas 
carburizing, 
homogeneous carburizing or carbon restoration heat 
treatment... . 


and provide atmospheres for protecting surfaces during 
bright annealing and clean hardening processes 





SUPPLIED IN UNITS HAVING CAPACITIES FROM 
500 cu. ft. per hr. to 6,500 cu. ft. per hr. 


[enone FURNACES _ 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION TOLEDO USA 

















THE MILES 


HYDRAULIC RAM 


GOGGLE VALVE 


An entirely self-contained self-supporting goggle valve with 


exceptional sealing qualities. 
Available for high or low pressures and temperatures. 


For further particulars of these valves and also 


MILES EXPANSION JOINTS, 
HOT BLAST STOVE VALVES 
AND BURNERS 


Write or telephone 


INDUSTRIAL & METALLURGICAL EQUIPMENT LTD. 
76 CANNON STREET, LONDON E.C.4. 
Tel: City 7072 
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CRANKSHAFT S of all types 


to the finest degree of engineering perfection 


SUPPLIED AS 


PRESS 
DROP FORGINGS 
C.G.F. 


(CONTINUOUS GRAINFLOW) 


Specialised techniques developed over the last 150 years, combined 
with rigid testing and examination ensure the highest possible standard 


of soundness demanded for these components. 





ENGLISH STEEL FORGE AND ENGINEERING CORPORATION 


zt 77t tf 


River Don Works, Sheffield 


A wholly owned subsidiary of English Steel Corporation Led. 
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ALLY DEVELOPED 


Fireclay 

High Alumina 
Sillimanite 
Silicon 

Carbide Bricks 
and special shapes 
insulating Bricks 
and Concrete 
Plastic Jointing 
and Protective 
Cements 
Refractory Concrete 
and Ramming 
Compounds 


AND TESTED 
REFRACTORIES 


for the 


ron and Steel Industry 


Pearson refractories have a great name 
for quality and reliability throughout 
the industry. Standard brick sizes are 
immediately available in a wide range of 
materials — special types of shapes are 
made to order. Send for full technical 
information and prices. 


E. J. & J. PEARSON LTD. 


FIREBRICK WORKS, STOURBRIDGE, WORCS 
Telephone : Brierley Hill 7720 


the most - 
accurate 
reliable 
economical 
and efficient 
TEMPERATURE 
CONTROLLER 
in the 
world 


is the WEST ‘STEPLESS 


iment Ltd. are ready 
trate to the metal industries t 


xtravagant claim 


WwW E Ss TL bus Ayn ne 


LIMITED 


NT STREET BRIGHTON 1 ENC 
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Steelworks 
plant? 


Newton Chambers are fully equipped and have many 
years’ experience in the design, manufacture and 
installation of a wide range of steel works plant and 
ancillary equipment. May we discuss your requirements, 
particularly for the following ? 


Steelworks Plant 
Steel Casting Ladles and Carriages up to 300 Tons 

Capacity 
Hot Metal Ladles and Carriages 
Torpedo Type Hot Metal Ladles and Cars = elieaee es 
Slag Ladles and Carriages ” 
ingot Casting Cars meriarapery sien ig 
Ingot Transfer Cars 
Slab Transfer Bogies 
Coil Carrying Bogies Blast Furnace Plant 
Scrap Bogies Blast Furnace Plant 
Charging Boxes and Bogies Hot Blast Stoves 
Roll Transfer Bogies Slag Ladles and Carriages 
Special Transport Equipment Pig Casting Machines 
Gas Cleaning Plant (Electrostatic or Venturi Type Gas Cleaning Plant 
Recuperators Gasholders 





Chambers 


Remember the scope of 
NEWTON CHAMBERS 


ENGINEERING DIVISION » THORNCLIFFE « SHEFFIELD 





IBBONS ] 


GAS FIRED ‘ALCORLIN LINE’ 
FURNACE 


for the continuous 
drying and cooling 
of Alcorlin coated 
silicon steel strip 


View of Water Cooling Section 


G103 


Photographs by kind permission of —Messrs. Richard Thomas & Baldwins Ltd., Midiand Section 


AH enquiries to GIBBONS BROTHERS LTD., Dibdale. Dudley, Worcs. Telephone: Dudley 55/41 (P.B.X) 








By arrangement with the Department of Scientific 
and Industrial Research, The Iron and Steel Institute 
STAL in English is now publishing monthly a complete English- 

language version of STAL (Stee/), the major Russian 
periodical in the field of iron and steelmaking tech- 
nology. The developments reported in Stal in English 
are of the greatest interest to everyone connected with 
iron and steelmaking. 

The rates of subscription are as follows: 
Annual subscription (12 issues) £20 0 0 
Special subscription to Members of 

The Iron and Steel Institute £1500 

Postage is extra, at a rate of ls per copy. Single 
copies may be obtained at £200 each (Members 
£1 10 0). 

Orders should be sent to 


The Secretary 
THE IRON AND STEEL INSTITUTE 
4 Grosvenor Gardens, London SW1 
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100 H.P., 0-6-0 type, 3’ 6” gauge 
diesel locomotive, maximum 
height 5’ 6” supplied to 

Messrs. Stewart & Lloyds 
Minerals Limited, 

Thistleton Mine. 

Photographs by permission of 
Messrs. Stewart & Lloyds 
Minerals Ltd., Brigstock. 


Hudswell, Clarke & Company Ltd. 


1860-1960 100 YEARS OF LOCOMOTIVE BUILDING 


DESIGNERS AND BUILDERS OF STEAM, DIESEL MECHANICAL, DIESEL ELECTRIC, 
ELECTRIC AND BATTERY LOCOMOTIVES FOR ALL PURPOSES 
Locomotive Engineers, Railway Foundry, Leeds 10. Tel: 34771 (10 lines) Cables: Loco, Leeds 
LONDON OFFICE: 14 Howick Place, Victoria Street, S.W.1!. 

Telephone: ViCtoria 6786. Telegrams: Hudclar, Sowest, London. Cables: Hudclar, London 
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The BIBBY 


PLING 


World famous for outstanding performance and 








reliability. Made in a wide range of types, all em- 
ploying the same basic principle of Bibby design. 


Special types include: Brakewheel, Cardan Shaft, 
Turbine, Shear pin, Controlled Torque, 
Spacer and others. 


A Bibby 
Brakewheel Coupling 





THE WELLMAN BIBBY COMPANY LIMITED, PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 





The Determination of Nitrogen 
in Steel 


Great interest has always been shown in the role of nitrogen in determining 


the properties of ferrous alloys. Reliable and accurate methods are therefore 

necessary for determining the content of this element in alloys. 

[he establishment of the reproducibility and accuracy of analytical methods 

to serve as routine or reference procedures for the many alloys now produced 

is a major undertaking. It was for this reason that the Nitrogen Group of 

the Steelmaking Division of the British Iron and Steel Research Association 

was set up eight years ago. The Report of the Group has now been published 

as No. 62 in The Iron and Steel Institute’s Special Report Series. The 

information it contains will be of inestimable value to all those interested in I. S. I. 
this subject. 

Che Report, which comprises 160 quarto pages and a number of illustrations, Sp CC I a l R ep OTi 
is bound in cloth with stuff covers, and costs £1 17s. 6d. (Members £11 5s. Od 


It may be obtained from No. 62 
The Secretary, 
The Iron and Steel Institute, 
4 Grosvenor Gardens, 
London, S.W.1 
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“That new Steelworks 
deserves a 





rs — . 


i “a John Smith Crane !” 
" & 


Special Service to Architects 
and Planning Surveyors 


Architects and Planning Engineers who are 
contemplating the incorporation of overhead cranes in 
new buildings or extensions are invited to write for our 
Table of Clearances, Weights, Wheel Loads, etc., for 


Standard E.0.T. Cranes. Advice on all lifting problems 


gladly supplied by our technical staff without obligation. HT Zar. 
f 4G g | 
” CRANES) 


JOHN SMITH (KEIGHLEY) LTD. P.O. BOX 21 THE CRANE WORKS KEIGHLEY YORKS 
Telephone: Keighley 5311 (4 lines) Telegrams: Cranes, Keighley 


London Office: Buckingham House, 19/21 Palace St, Westminster, London SW1. Southern Counties Office: Brettenham House, Lancaster Place, London WC2 
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LAMBERTON 
Steel works plant 


Ogee? EUR M RY ee 
y a! ea ue oe 


heavy duty sliding frame hot saw 


with spiral bevel drive from 250 h.p. motor 


variable speed hydraulic feed. 


Lamberton & Co. Ltd - Coatbridge - Scotland 
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